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The low-frequency oscilloscope goes plug in 



Signal generation and conditioning with a 
new modular system 



Measuring the linearity of fast ramps 
Servicing the 7704 high-efficiency power supply 
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LOW-FREQUENCY 
OSCILLOSCOPE 
GOES PLUG-IIM 










Gary Vance, Project Engineer and George Hull, Design Engineer on the 5100 Series 
discuss sweep-switching operation of the 5B12N Dual Time Base Plug-In. 
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Scale factor readout changes automatically to Indicate vertical 
sensitivity at probe tip when recommended 10X probe is used. 
Similarly, sweep-rate readout changes automatically when 10X 
magnifier is turned on. 



By Jerry Shannon and Ahne Oosterhot 

In the oscilloscope field, plug-in versatility has tradi- 
tionally been limited to high-frequency instruments. 
Introduced by Tektronix in 1954, the plug-in concept 
allowed the user to easily and inexpensively change the 
characteristics of his oscilloscope to cover a wide range 
of applications. 

Now, with the introduction of the 5100 Series, the users 
of low-frequency oscilloscopes will enjoy these same 
benefits. 

Since the same need for versatility exists in the low- 
frequency as in the high-frequency oscilloscope field, we 
detenu ined to do our best to meet that need. Our goal 
was to oiler a laboratory-quality, low-frequency, plug- 
in oscilloscope at the lowest practical cost to the user. 
We also wanted to include many of die features such as 
scale factor readout, large screen CRT and solid state 
stability found only in the latest instruments. 

Breakthroughs would have to be made in many areas. 
Simplified circuit design, new production techniques 
for CRT’s, switches and odier components, and re- 
duced assembly and calibration time would have to be 
achieved if we were to reach our goal. The end result of 
our elforts in all of these areas is a series of products that 
bring you new measurement capability, plus a flexibil- 
ity previously unavailable in any oilier oscilloscope 
system. 

First in this scries is the 5103N Oscilloscope System, a 
general-purpose, low-frequency (DC to 2 MHz) oscillo- 
scope featuring cost-saving innovations such as inter- 
changeable display modules, plugins, and bench to 
rackmount convertibility. Four display modules, each 
with a large 6|/ 2 -inch CRT, give you a choice of single 
beam, dual beam, single beam storage or dual beam 
storage. You can readily change from one display mod- 
ule to another or convert from bench to 5 14 -inch rack- 
mount configuration in a matter of minutes. Nine 
plug-ins give you a wide choice of vertical amplifiers 
and time bases. 



Several innovations in the amplifier and time base plug- 
ins enhance operating ease. For example, scale factor 
readout for each amplifier is provided by illuminating 
the knob skirt behind the area identifying the correct 
scale factor, even when using the recommended 10X 
probes. This same feature is used in the time base plug- 
ius to indicate correct sweep rate with the magnifier on 
or off. The possibility of measurement error is thus 
greatly reduced. 

The choice between left and right vertical plug-in is 
made by depressing the DISPLAY button on the respec- 
tive plug-in. This button also switches the light on 
behind the readout skirt, so a glance is all that’s needed 
to immediately identify which channels or plug-ins are 
in use. With neither DISPLAY button depressed, the 
left hand vertical is displayed but its readout is not 
illuminated. 

When two amplifier plug-ins are enabled, the main- 
frame automatically converts to the alternate or 
c hopped mode of operation as selected by the DISPLAY 
button on die time base. The switching sequence allots 
two time-slots (in chopped) or two sweeps (in alter- 
nate) to each vertical plug-in. When dual-channel 
plug-ins are used, each channel takes one. time slot or 
one sweep. In the dual-beam mainframe, switching be- 
tween plug-ins is eliminated as each amplifier is per- 
manently connected to one vertical deflection system. 

THE MAINFRAME 

Now let’s take a closer look at each of the 5100 Series 
modules. The 5I03N mainframe module contains the 
low-voltage power supplies, horizontal and vertical am- 
plifiers, the electronic switching and logic circuitry 
for dual-trace operation between plug-ins, and three 
plug-in compartments. It will interface directly with 
any of the four display modules in a bench or rack- 
mount configuration. Any plug-in can be used in any 
compartment to achieve X-Y, Y-T or raster displays. 
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Four display modules pictured from top to bottom are single 
beam , single beam storage , dual beam and dual beam storage. 
Alt feature a farge 6*A" screen and internal graticule . 



THE DISPLAY MODULES 

Each of the display modules uses a new 6i/J-inch ceramic 
CRT with an 8 x 10 division (i/£ inch/div) internal 
graticule. The CRT, with 3.5 kV accelerating potential, 
has a bright, well-defined trace. Simplest of the display 
modules is the DIO single-beam display unit. In addi- 
tion to the CRT, it contains the high-voltage supply, a 
voltage, current and time (2X line frequency) cali- 
brator, die CRT controls and the power switch. A beam 
finder positions the beam on screen regardless of the 
setting of the vertical or horizontal position controls. 
The front panel Z-axis input with DC to 1-MHz band- 
width requires only 5 volts to modulate the beam. 

The D12 dual-beam display module is the same as the 
DIO single-beam unit except the CRT has two writing 
guns and two pairs of vertical deflection plates. Both 
beams cover the full 8x 10 division screen. Also in- 
cluded are separate intensity and focus controls for each 
beam. 

Single and dual-beam storage operation are provided 
by die Dll and D13 display modules respectively. 
The bistable, split-screen storage CRT's have a unique 
brightness control which permits varying the stored 
brightness to retain the image for several hours without 
damage to the CRT. The brightness control, in con- 
junction with other storage controls, also allows inte- 
gration of repetitive signals to effectively increase stored 
writing rate. 



THE PLUG-INS 

The nine plug-ins presently available include six am- 
plifiers and three time bases. Simplest of the amplifiers 
is a plug-in having just an input stage with a potenti- 
ometer as an attenuator. Designated the 5A24N, the 
unit has a 50 mV/div sensitivity and is ideal for you 
who have low-cost monitor needs. 

For simple measurements where signals of varying am- 
plitude have to be measured, the 5A23N with decade 
attenuator steps and a 10 mV sensitivity is available. 
Bandwidth is DC to 1 MHz. 

A companion plug-in, the 5B13N time base, provides a 
low cost sweep unit with sweep ranges from 5 ^s/div to 
0.5 sec/di v in decade steps. A variable control extends 
the slowest sweep to 5 sec/div. 
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When signals of only a few millivolts are to be meas- 
ured, the 5A15N provides 1 mV sensitivity and DC to 
2-MHz bandwidth. The 5AJ8N offers the same char- 
acteristics with dual-trace capability including the con- 
venient ADD mode. This mode is especially useful 
when signal differences between two points are to be 
measured while both points are elevated by a common 
signal. 

Getting down into the difficult microvolt region where 
the applications call for low noise and high common- 
mode rejection, the 5A20N and 5A21N differential am- 
plifiers with FET inputs provide stable operation to 50 
jiV/div. Bandwidth is DC to 1 MHz. Upper bandwidth 
can be limited to 10 kHz for noise reduction. Common- 
mode rejection at 50 ^V/div, DC coupled, is 100,000:1. 

To permit common-mode measurements with the use of 
attenuator probes, a probe having accurate attenuation 
has been developed. The P6060 has 10X attenuation 
and provides common-mode rejection of 100:1 at any 
deflection factor when used with the 5A20N or 5A21N. 

The 5A21N plug-in, while similar to the 5A20N, has the 
added feature of a current-probe input. Using the 
P6021 current probe, bandwidth is 15 Hz to 1 MHz 
with sensitivities from 0.5 mA/div to 0.5 A/div. The 
normal 100 Hz low-frequency response of the P6021 is 
extended by low-frequency correction in the amplifier 
to permit measurements at line frequency. This makes 
the unit especially useful in power supply design work. 

Many low-frequency applications make use of X-Y type 
displays. As the mainframe has identical vertical and 
horizontal deflection systems it is possible to make ac- 
curate phase measurements using two identical plug- 
ins. A control on the deflection amplifier board allows 
phase calibration to better than one degree at specific 
frequencies up to 1 MHz. 

Two more time bases round out the selection of plug- 
ins available. The 5B10N provides sweep ranges from 



1 jiS/div to 5 sec/div in a 1-2-5 sequence with a 10X 
magnifier extending the fastest sweep to 100 ns/div. 
The unit offers versatile triggering from DC to 2 MHz. 
Both trigger source and trigger mode are selected by 
pushbutton. A single-sweep mode simplifies the captur- 
ing of single-shot phenomena for photographing or 
storing displays. Included is an external horizontal 
mode which provides a convenient means for making 
simple X-Y measurements. Sensitivity is 50 inV/div with 
DC to 1-MHz bandwidth. 

A dual time base, the 5BI2N, covers a wide range of ap- 
plications. Offering the maximum in versatility, it in- 
cludes the popular sweep switching introduced in the 
547 Oscilloscope. In the dual-sweep mode, the A sweep 
is slaved to the left plug-in, and the B sweep is slaved to 
the right plug-in. This gives you, in effect, dual-beam 
operation for repetitive signals. The two sweeps can 
also be operated in the conventional delaying-sweep 
modes with a 10-turn delay multiplier providing ac- 
curate delay settings. The 5B12N also includes an ex- 
ternal horizontal mode for X-Y operation. 

Some applications require a vertical sweep or raster 
presentation. This is easily accomplished by plugging 
any of the three time bases into one of the vertical com- 
partments. The 5103N provides convenient front panel 
access for Z-axis modulation in these applications. 

A low-cost camera, the C-5, complements the low-fre- 
quency 5100-Series instruments. Its fixed-focus, fixed- 
aperture design makes waveform photography simple. 
An access door in the top of the camera allows viewing 
the CRT without removing the camera. 

Some of the areas expected to benefit from the versatil- 
ity of the 5100 Series arc medical research, educational 
instruction, low-frequency phase work such as servos, 
mechanical analysis using strain gauges and other trans- 
ducers, and engine analysis. 




Dual-trace vertical and dual time base plug-ins offer maximum versatifity. 
At left above, both Ch 1 and Ch 2 are displayed by both A and D sweeps. 
Right above, adding a single trace plug-in, with A sweep on EXTERNAL you 
can have dual-trace X-Y, while right vertical and B sweep provide Y-T. 
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CONDITIONING 



WITH 
A NEW 
MODULAR 



Plug-in versatility has proven its worth in oscilloscopes, 
counters, pulse generators and myriad other products. 
Now diis concept is extended to a new series of instru- 
ments designed to be the meeting place for many dif- 
ferent systems. We call them the 2600-Series modular 
instruments. The terra "modular" is used here in a 
broad sense and includes packaging, interconnections, 
input/output characteristics, power supplies and 
accessories. 

Designed to pennit relatively free interplay between 
analog and digital circuits, most inputs and outputs are 
compatible with DTL and TTL logic levels. However, 
they differ electrically slightly to allow proper opera- 
tion with non-DTL and non-TTL circuits. 

To get a feel for the versatility of the scries, let’s look 
briefly at the individual units. 
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2601 MAINFRAME 

The 2601 mainframe, a basic element in the series, is a 
power supply and interconnecting system for 2600- 
Series plug-in units. Providing pre*regulated voltages at 
up to 50 watts, the 2601 accommodates six plug-in units. 
The pre-regulated voltages are further regulated in the 
individual plug-ins and, in some instances, used to 
power DC to DC converters for special needs. This pro- 
vides maximum decoupling between units. 

A seventh plug in section in die 2601 plays a vital role 
in the versatility offered by the 2600 Series. It contains 
the interconnection board. The primary function of 
this board is controlling plug-in unit operation, proces- 
sing signals to or from a plug in, or passing signals be- 
tween units. Thus, having planned and set up system 
operation from the front panel, you can duplicate 
the connections between units on the interconnection 
board and then tuck diein away out of sight. Spare 
boards may be used to change rapidly from one setup to 
another. Most plug-in front panel inputs and outputs 
are coupled through the interface connections at the 
rear of the plug-ins and are duplicated on the inter- 
connection board. 

Pictured below arc two of the interconnection boards 
currently available. The hoard on the left is used pri- 
marily to provide interconnection between plug-ins. 

The board on the right also provides interconnection 
between plug-in units blit has an exciting additional 
feature. Fourteen 16-pin dual in-line plastic I.C. 
sockets, plus a locally regulated -f5 volt supply, are 
mounted on the board. Ready connection between 
l.C.’s and the plug-in units is made by standard 40-mil 
patch connectors. This permits you to add the relays, 
switches, pulse transformers, resistor networks, op amps 
and many other functions available in the dual in-line 
package, to the functions available in the 2600-Series 
plug-ins. Instrument versatility thus becomes virtually 
unlimited. 




Interconnection board at left permits internal connection be- 
tween ptug-ins. Board at right interfaces ptug-ins with 14 1C 
sockets . Board includes -f 5 V regulated supply to power IC's. 



You may also elect to use the I.C. board and 2601 main- 
frame plug-ins completely indcjjendent of one another. 
Ten spare front panel jacks on the interconnection 
board provide convenient interface points. Front and 
rear panel 11NC connectors on the 2601 may also be con- 
nected internally to any jack on the I.C. interconnec- 
tion board. The pre-regulated -r!7 and —17 volt 
supplies are available on the board and can often be 
used to pow r er linear J.C/s where other than +5 volts is 
required. 

RATE AND RAMP GENERATORS 

Now let's take a look at the plug-ins. The 26GI and 
26G2 are basically ramp generators and produce ramp 
voltages ideal for analog timing applications such as 
delayed triggering of pulse generators, time bases for 
monitors, and raster generation. 

Several ramp inodes are available to you. Free run, 
gated, triggered, and gated trigger, plus manually gated 
or triggered operation is readily accomplished from the 
front panel. In addition, the 26G1 can be internally 
triggered by the rate generator which is an integral part 
of the unit. The trigger and gate levels, both input and 
output, ate compatible with logic levels used in most 
DTL and TTL logic devices. 

A convenient feature is the ability to terminate the 
ramp at any point in its excursion by applying a posi- 
tive logic 1 to the Rarnp Reset input or a logic 0 to the 
Ground to Reset input. This provides for some inter- 
esting possibilities. For example, the 26GI or 26G2 can 
serve as a time-to-hciglu converter. The amplitude of 
the ramp output can be made proportional to the input 
pulse width simply by feeding the pulse into both the 
Trig and Ground to Reset inputs. The ramp is then 
started by the leading edge of the pulse and terminated 
when the pulse falls to zero. 

In addition to the main ramp output of 10 volts, sev- 
eral other signals arc available at the front panel. A 1- 
voh ramp output serves as a convenient time base for 
the 601. 602 and 611 monitors which are ideal com- 
panion units to the 2600 Series. The +3-voh Ramp 
Gate, of the same duration as the ramp, provides un- 
blanking for the monitor. A -F 3-volt, 1.5-/xs pulse coin- 
cident with the start of the ramp is handy to trigger 
your oscilloscope or other associated circuitry used in 
the application. 

We mentioned earlier that the 26G1 also contains a 
rate generator. Normally free-running at a frequency 
determined by the Rate and Multiplier settings, it can 
also be gated manually or by an external gate. All that 
is needed is reversal of an internal 3-pin connector. The 
Gate and Ground to Gate inputs then serve to gate the 
rate generator, with the first pulse from the rate gen- 
erator coincident with the start of the gate. The rate 
generator may he used independent of the ramp gen- 
erator portion of the 26GI. 
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PULSE GENERATION 

The 26G3 Pulse Generator plug-in unit provides pre- 
cise rectangular pulses with amplitude to ±10 volts and 
pulse duration from l^s to 11 seconds. Pulse risetime 
and falltimc is less than 200 ns. In addition, the unit has 
two other output modes. With the Pulse Duration con- 
trol set to Bistable, the output changes state with each 
succeeding trigger, that is. the output goes to the high 
state on one trigger and to the low state on the next. A 
highly symmetrical waveform or pulses longer than 11 
seconds can thus be easily generated. 

The third mode, DC, or as it is sometimes called, 
“locked on”, is appearing with increasing frequency on 
the newer pulse generators. In this mode the output is 
simply a DC level which can be accurately set to any 
value up to ±10 volts by means of the Pulse Amplitude 
control. Accuracy is 1% of full scale, full scale being l 
volt, 10 volts, or a value you may choose by selecting an 
appropriate external resistance. Output current up to 
20 mA is available to drive the selected resistance, how- 
ever, maximum output voltage is limited to ±10 volts. 

Three other outputs are available on the from panel: 
the Pulse Start, a -f3-voll pulse serving as ail output 
trigger: the Pulse Gate, a -f3-vo!t gate with the same 
duration as the pulse output; and die 'Trigger Gate, a 
+ 3-volt gate coincident with the start of the pulse out- 
put and whose width is determined by the Delay control 
setting. 

'Turning to the 26G3 inputs, wc see a wide range of 
control for starting and stopping the pulse. Selection of 
slope and level, much the same as on your oscilloscope, 
is available. A preset -f 1-volt level is useful when trig- 
gering from logic circuits, and a ramp input provides 
for triggering at any point on a -f 10-volt ramp giving 
you a choice of accurate time delay before starting the 
pulse. The Slew Ramp input offers some interesting 
capabilities; a signal fed into this input is combined 
algebraically with the signal fed into the Ramp input to 
effect triggering. This gives you a convenient means of 
generating two pulses whose lime relationship can be 
made to change at a controlled, linear rate. 

One of the common uses of this technique is found in 
the field ol biophysical research, the objective being to 
determine the ability of a nerve to respond to separate 
stimuli occurring within a brief time span. A look at 
how we can accomplish this objective using the 2600 
Series will serve to demonstrate the flexibility of the 
system, but first let's finish our review of the 26G3 
inputs. 

In addition to the Trigger, Ramp and .Slew Ramp in- 
puts, there are Set and Reset inputs. A -f I -volt signal to 
the Set input, will set the output to its high state regard- 
less of the stale of all other inputs except the Reset 
input, i Conversely, a -f 1-volt signal to the Reset input 
will set the output to its low state regardless of the state 
of all other inputs including the Set input. 



SYSTEM APPLICATION 

Now let's look at how we can accomplish the objective 
mentioned above, that of determining nerve response 
to closely spaced stimuli, using the 2600-Series instru- 
ments. T he block diagram below shows the system we 
can use to generate the variable-spaced pulses, includ- 
ing a 601 monitor to display the pulses. The system 
consists of the 2601 Mainframe, the 26G1 Rate /Ramp 
Generator, the 26G2 Ramp Generator, the 26G3 Pulse 
Generator and the 601 Storage Display Unit. 






901 

MONITOR 



A JTTL 




STIMULUS ISOLATOR 



26G1 I 2602 I 2603 



*fUlJL 



Simplified block diagram of system to produce pulse pairs 
having gradually reduced spacing between pulses. 



Interconnection of the units and the control settings for 
the respective units are shown on die interconnection 
board worksheet at right. These worksheets are replicas 
of the interconnection board anti provide a handy ref- 
erence for repeating the set-up for a particular measure- 
ment, Replicas ol the front panels of the plug-in units 
are available with gummed backing for pasting on the 
worksheet as shown. The photo in die lower right-hand 
comer of the worksheet shows the signal generated by 
die set-up. 

The pulse train is initiated by pressing the Manual but- 
ton on the 26G2. T he 2(iG2 performs four functions. It 
starts the pulse train, gates the 26GI, provides the slew 
ramp for the 26G3 and determines the total period over 
which the nerve will lie exercised, in this instance, 10 
seconds. 

The 26G1 also performs four functions. It determines 
how often the 26G3 generates pulse pairs, provides the 
ramp input for the 26G3, determines, in conjunction 
with the slew ramp and the Delay control setting on the 
26G3, when a stimulus pulse will be generated, and pro- 
vides the sweep and unblanking signals for the 601 
monitor. 

The 26G3 merely stands by and generates a pulse of the 
appropriate duration and amplitude when its trigger- 
ing level is reached. 



8 








Now let's see what happens when we push the Manual 
button on the 26G2. A single pulse, I volt in amplitude 
and BOO in duration is generated, followed by an 
identical pulse 10 ms later. The two pulses are then re* 
peated at 1.5 sec intervals with the time between them 
reduced 1,5 ms each time diey repeat. A reset pulse from 
the 26GJ prevents the slew ramp from triggering the 
26G3 at die peak of its excursion, producing an un- 
wanted pulse. 

OUTPUT CONDITIONING 

One other important plug in currently available in die 
2600 Series is die 26A1 Operational Amplifier. It is a 
high-power operational amplifier ideal for final pro- 
cessing of signals generated in 2600*Scries system. Out- 
put capabilities are ±50 V and up to ±50 mA. Open 
loop gain is 10,000 into a I ko load with a unity gain 
bandwidth of 5 MHz. 



Access to die operational amplifier inputs and outputs 
is via a Terminal Access Adapter which plugs into the 
plug-in unit. The adapter also provides access to die 
front panel connectors and die regulated 4-15 and —15 
volt supplies. Clips and jacks are mounted on the 
adapter circuit board so you can easily change the oper- 
ational amplifier function. A Terminal Access Adapter 
kit which inc ludes a circuit board with a 0.1 x 0.1 inch 
grid of plated- through holes is available for construct- 
ing circuits to meet your specific needs, 

7000-SERIES COMPATIBILITY 

The 2600 Series also brings new capabilities to you 
who own 7000-Series oscilloscopes. Through the use of 
an adapter, you can operate any of the 2600-Series plug- 
ins in your 7000-Series mainframe; truly plug-in versa- 
tility at its bcsL 



TEKTR0NJX l-WM NUMBER 
062-1265-00 
(Pad of 50 shoots) 




I NOTES: A 10-second train of paired pulses, each pulse 500 us in duration, 1.0 volt in amplitude. 

Pulse pairs repeated at 1.5 second Intervals with the tine betveen pulses reduced 1,5 os 
each repetition. Pin 15 of IT70 in the 26G1 is connected to output G on the 26G1 for a 
reset pulse. A 601 Storage Display Unit serves as monitor. 
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Interconnection board worksheet shows connections between units, front panel control settings 
and waveforms generated by set-up . Notes include signal parameters and special instructions. 
Worksheet provides permanent record of set-up. 
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TEKIMIQUE: measuring the linearity of fast ramps 

By John McCormick , Project Engineer 




John received his BSEE, with distinction, from U of Kansas in 
1962 and his MSE with a Materials Sciences Option from 
Princeton in 1965. With Tek since 1965, he has contributed 
much to fast-ramp technology while working on sampling 
sweeps. 



The time measurements you make with your oscilloscope can 
only be as accurate as the time base displayed on the CRT 
screen. Improvements in components, ramp generator cir- 
cuitry and CRT construction have given us time bases speci- 
fied accurate within 1! or 3% and typically accurate within 
1%. With die great strides being made in vertical amplifier 
bandwidth has come the challenge of providing the fast 
sweeps needed to properly display these higher-speed phe- 
nomena. Generating and measuring fast, linear ramps poses 
unique problems. Tliis article discusses a solution for one of 
those problems, that of measuring the linearity of fast ramps. 

Then* are two important quantities used to specify and de- 
scribe a ramp. These are the mean slope of the ramp, and 
linearity or slope deviation from the mean. An ideal ramp 
has a constant slope and is perfectly linear. It is usually easy 
to measure the mean slope of the ramp but linearity measure- 
ments are difficult to make and are usually made in an in- 
direct manner. This is especially true in the case of very fast 
ramps (tens of nanoseconds in length) . 

The terminology used to describe linearity varies according 
to the method used to measure it. A sampling oscilloscope 
can form the basis for a convenient and precise method of 
ramp slope and linearity measurements. However, before de- 
scribing the method it will be necessary to define a few terms. 

DEFINITIONS 

Mathematically speaking, the slope of a waveform at any 
point in time is die derivative of the waveform with respect 
to time. If V (t) is a voltage waveform, then the slope at any 
time is given by 

, , dV (t) 

slope tn (t) = — 



In the case of an ideal ramp, the slope would be constant. To 
describe a ramp we may consider an ideal ramp with the 
desired constant slope which we will call the mean slope, plus 
some deviations of the slope from this constant value. 

m (t) •=== nw l (t) 

Where m (t) is the actual slope at any given time, ra 0 is the 
mean slope and 1 (t) is the nonlinearity of the ramp. 

Percentage of nonlinearity is expressed by die equation 

% Nonlinearity = (— ( P P>w ) x 100% = X 100% 

m, m 0 

T he nonlinearity is a function of time and can be determined 
if we know m (t) and It is relatively easy to measure in c 
by feeding the Tamp into the vertical system of a scope and 
measuring its amplitude and duration: m (t) is the time 
derivative of the ramp waveform. It is possible to measure an 
approximation to m(t) by several methods, only one of 
which we will discuss in detail here. 

The derivative of a voltage that is a function of time V (t) is 
given by the basic definition: 

dV<t) V <t+At) - V (i) 

dt w At 

limit At — ► O 

What wc can measure is 

' 7 At 

At finite 

It is obvious that m* (t) is just the average slope of the func- 
tion V (t) measured over a time At at each point in time as 
in Fig. 1. A convenient name for At is the time resolution or 
simply, the "resolution" of the measurement- The resolution 
is indicative of die detail .that can be resolved. If the slope 
m (t) has components which last for a time on the order of 
At as in Fig. 1, diey will be smoothed out in the measure- 
ment. If the ramp has a fast start like the ideal ramp in Fig. 
2(a), then the m* (t) Fig- 2(c) will differ from the actual 
derivative in Fig. 2 (b) because of the finite resolution time. 
The smaller the resolution time, the closer m* (t) will be to 
m (t) . Now let's consider methods of measuring m* (t) . 



MEASUREMENT OF m 4 (t) 

One simple way to obtain m # (t) for a wavefonn would be 
to process the wavefonn with an analog differentiator as in 
Fig. 5. This works pretty well with slow ramps but is very dif- 
ficult to implement for fast ramps. A better method for fast 
ramps makes use of sampling techniques to time-convert the 
ramp to a s lower-speed replica. Measuring the slope is then 
an easy matter. The technique shown in Fig. 4 can be used to 
measure V (t-f At) and V (t) . The ramp waveform is fed into 
two identical sampling heads, A & B, each of which produces 
a DC voltage in its respective memory, proportional to die 
value of the ramp voltage at a time t s when the strolie opens 
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V(t + £t> 







V(t) 



Fig. 1. Resolution limits measurement detail. Components Iasi - 
Ing for a time on the order of A t will be smoothed out 




Fig. 2. Measured slope differs from the actual derivative be- 
cause of the finite resolution time. 



the sampling gate. If the strol>e time for channel A (r SA ) is 
made different from that for channel B (t sl ) by some time 
(At) due to unequal delays T A and T f . then the voltage 
measured by the respective sampling heads will l>e 

VSA---V (t SA ) V w ^V(t JA +At) 

Wc can then substract them at each time t. 

V (t),. A « \» - ~ (V (t+ At) - V (t)) 



If we divide the difference in strobe time At we have 

(t) 

At At 

A convenient realization of the above technique can he ob- 
tained with a sampling system set up as in Fig. 5. The sys- 
tem consists of a 7000*Scries four compartment mainframe, a 
7T11, two 7SU’s, two S-l sampling heads and a 7 A22. If the 
signal cannot be loaded by 500 then a probe such as the 
P6034, Pt>035 or P6051 can l>e used to couple the signal to the 
poivci divider tee. An alternate approach would be to use 
S-3A or S*5 sampling heads in place of the S-l. 



The: gains of both sampling channels should lx.* adjusted so 
that they arc equal (note variable front panel control on the 
7S1 1 does not effect the gain of the vert sig out) . This can l>e 
done by inserting a variable attenuator in the leads from the 
vert sig out to the 7A22. Comparing the amplitudes of the two 
vertical signals out is easily done with the 7A22. Just feed 
both signals differentially into the 7A22 and adjust the gains 
until the base line is at the same level before and after the 
ramp. 




e»(s) 

E,(s) 



RCs 



RC 



dejt) 

dt 



Fig . 3. Analog differentiator is a convenient means of meas- 
uring s/ope and finearity of slower ramps . 



V(tJ 



MEMORY 

A 



A 



STROBE @ TIME t, 

V 




V(t„ + At) 



MEMORY 

8 







SIGNAL V(1) 



Fig. 4. Block diagram of a sampling system to measure 
V(t+At) — V(t). Resolution is set by difference in time of T* 
and T%. 




Fig. 5. 7000-Series system to measure ramp (Vt) and slope 
( m m t ) and display them simultaneously. Attenuator is placed in 
series with 7A22 input having largest signal so inputs to 7A22 
may be set to same amplitude. 
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The resolution should be set by turning the right hand 7SI1 
Delay Control full CCW, grounding the negative input of 
the 7A22 and setting the leFt hand 7S1 1 Delay Control for the 
desired At by observing the separation ot the two traces oh 
die screen. Be sure to adjust the gain of the 7A22 using the 
variable if necessary so that die two traces have die same 
amplitude on die screen* The top photo below is a typical 
display For setting resolution. 




Top photo is typical display for setting resolution. 8otlom photo 
shows ramp and its slope. Aberrations are caused by non- 
linearities in the ramp. Resolution is € ns. 

After setting the desired resolution or At. the negative input 
of the 7 A 22 is moved to the DC position. Now displayed on 
tile CRT is the voltage differential between die outputs ol 
die samplers which h proportional to At and the slope of the 
ramp. Measuring the amplitude of this voltage differential 
and knowing At we arrive at m* (t) or die slope of the ramp. 

The bottom photo alxive shows tire slope waveform and the 
ramp whose slope ir represents. Aberrations on the slojie 
waveform arc due to noulineanties iii the ramp. The am- 
plitude of these aberrations relative to the amplitude of the 
slope waveform h tire measure of the nonlincarities that exist 
in die ramp. 

ACCURACY OF THE MEASUREMENT 

Although the absolute slope in volts per nanosecond can be 
measured wuh this system, the accuracy' is not as good as it is 
when measuring linearity unless die system is calibrated with 
a known slope. Contributing to the accuracy of die slope 
measurement an' the accuracy of the sampling channel gains, 
the accuracy of the 7A22 gain, and ihe accuracy with which 
the time Al is known. 

One method of eliminating die problem of absolute sweep 
calibration for accurate At is to adjust for lx>th channels to 



sample at the same lime and add a known length of delay 
I urc in the signal path of one of the sampling channels. 

Two other factors effect the accuracy' of the linearity meas- 
urements. These are nonlinearity In die vertical response 
and nonlinearity in die sampling sweep. Of the two, the 
sweep nonlinearity is the dominate effect. The linearity of 
the sweep is specified to be within 3% over most of the Time 
Position Range and can be checked bv the usual method with 
accurate time marks. For sweep speeds with low magnifica- 
tion the linearity is typically (letter than 1%, 

PRECISION OF THE MEASUREMENT 

Precision refers to the ability to measure small differences in 
signal amplitude and is limited primarily by noise. With die 
system described we can easily measure 1% differences in 
slope. It must be borne in mind that the response of the 
7S1 Ts must lie identical, A convenient way to assure this is to 
set the dot response of boih 7Sll's to unity. It is also im- 
portant that the scan rate be. slow enough for the bandpass 
used on the 7 A 22. 

RANGE OF SLOPE MEASUREMENTS 
The upper limit on slope, m* (t), in volts/ nanosecond h 
determined by the rise time of the sampling system and our 
ability to set the resolution to be a small portion of the ramp. 
Ten to twenty percent of ramp duration yields good results. 
The system described provides resolution from 10 ns to less 
than 100 ps. We should keep in mind that as the resolution 
lime decreases, so does the signal out and noise will lie a 
problem. The 7A22 variable bandpass may be used to reduce 
noise but the display rate must decrease proportionally. This 
is easily done by varying the scan control on the 7T1 1. 

The lower limit on (i) in volts/ nanosecond is set by 
noise as the resolution time cannot be adjusted greater than 
10 ns without instrument modification. A useful lower limit 
set by noise places the longest ramp length that can be mea^ 
sured with this system at about 500 ns. However, an external 
delay line can easily be inserted in the signal path of one sam- 
pling channel to extend the lower limit. 

CONCLUSION 

We have discussed how differentiation of a fast ramp leads to 
a convenient method of measuring ramp linearity and have 
shown how to construct such a measurement system. A ramp 
and its slope, m* (t) , arc shown in the bottom photo at left. 
The resolution is about 5% of the ramp length. The rise time 
of the slope can be measured as well as amplitude, overshoot, 
ringing and droop, just as if measuring a step response, and 
these quantities all relate to how linear the ramp is at any 
point. The advantage of having the ramp and the slope dis- 
played simultaneously is that the effect of circuit adjustments 
affecting the slope are seen immediately. 

The ability to differentiate fast waveforms can be useful in 
other applications as well, such as measuring impulse re- 
sponse by differentiating the step response. Differentiation of 
theoretical expressions has always been a useful technique in 
certain analysis (such as linearity of ramps) . but with die 
ability to measure the derivative directly and display it T 
although limited by resolution time, the technique becomes 
even more useful. 
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SERVICE SCOPE 



SERVICING THE 7704 HIGH-EFFICIENCY POWER SUPPLY 



By Charles Phillips 

Product Service Technician, Factory Service Center 



This is the first in a series of articles on servicing the 7000- 
Series oscilloscopes. The 7704 senes as the basis for these 
articles since it contains most of the new circuitry, compo- 
nents and construction techniques we will be discussing. It 
is not our intent to discuss the general techniques used in 
troubleshooting oscilloscope circuitry' as these were covered 
extensively in the February 1969 to February 1970 issues of 
TEKSGOPE. Copies of these articles are available through 
your field engineer. 

Proper operation of the regulated low-voltage supplies is 
essential for the rest of the scope circuitry' to function prop- 
erly, so let’s look, at this section first. 

The high-elficiency power supply used in the 7704 is a new 
concept in power supply design that results in appreciable 
savings in volume, weight and power consumption. It is 
called “high efficiency” because its efficiency is about 70% as 
compared to 45% for conventional supplies. The line-to-DC 
converter /regulator contains most of the unconventional 
circuitry so our discussion will deal primarily with this 
portion. 

First, let’s briefly review the theory of operation. The high- 
efficiency power supply is essentially a DC-to-DC converter. 
The line voltage is rectified, filtered and used to power an 
inverter which rum at approximately 25 kHz. The frequency 
at which the Inverter runs is determined basically by the 
resonant frequency of a series-LC network placed in series 
with the primary of Lhe power transformer. The inverter 
drives the primary of the power transformer supplying the 
desired secondary voltages. These are then rectified, filtered 
and regulated for circuit use. 

Pre- regulation of the voltage applied to the power trans- 
former is accomplished by controlling the frequency at which 



the inverter runs. A sample of the secondary' voltage is recti- 
fied and used to control die frequency of a monostable multi- 
vibrator. This multivibrator, in turn, controls the time that 
cither half of the inverter can be triggered, thus controlling 
the inverter frequency. Circuit parameters are such that the 
multivibrator, and hence the inverter, always runs below the 
resonant frequency of the LC network. Remein bering that 
the resonant LC network is in scries with the primary of the 
power transformer, we can see that as the inverter frequency 
changes, the impedance of the LC network changes. The re- 
sultant change in voltage dropped across the LC network 
keeps the voltage applied to the primary constant. Pre-regu- 
lation to about 1% is achieved by this means. 

Now. let's turn our attention to troubleshooting the supply. 
Assume you have made die usual preliminary checks; you 
have power to die instrument, the line selector on the rear 
of the instrument is in the correct position for the applied 
line voltage and the line voltage is within specified limits. 
The plug-ins have been removed to eliminate the possibility 
of their causing the power supply to malfunction. 

With the instrument power off, check the two fuses located 
in the line selector cover on the rear of die instrument. If the 
line fuse, F800, is open the problem is probably in the line 
input circuitry. If the inverter fuse, F810, is open die inverter 
circuitry is probably faulty. In either case it will be necessary 
to remove the supply from the mainframe to make further 
checks. This is easily done by removing the four screws on the 
rear panel that secure the power unit, then sliding the unit 
out the rear of the instrument. 

Before removing the power-unit cover, check to see that the 
neon bulb on die left side of the power unit has stopped 
flashing. The primary storage capacitors C813 and C814 




Simplified block diagram of hlgh-elfidency low-voltage power supply . 







remain charged with high voltage DC for several minutes 
after the power line is disconnected. When this voltage 
exceeds about 80 volts the neon bulb flashes. While servicing 
the jjower unit, the discharge lime of the storage capacitors 
can be speeded up by temporarily disabling the inverter 
stop circuit. Pulling Q864 before turning off the scope power 
will allow the inverter to keep running for a short time, thus 
draining most of the charge from the capacitors. A voltmeter 
reading between test points 810 and 811 on the line input 
board will indicate the diarge remaining on the storage 
capacitors. Allow at least one minute for the current-limiting 
thermistors to cool before turning on the power again if you 
use this fast-discharge technique. Do not attempt to discharge 
the capacitors by shorting directly across them as this will 
damage them. 

With the power-unit cover removed, orient the supply with 
the rectifier board on top, die line input board on the left 
and the inverter board on the right. This will make it con- 
venient to get to all the test points as we go along. 

LINE INPUT BOARD 

First let’s cheek the line input board. It's fairly easy to tell if 
this circuit is working. The neon hull) previously mentioned 
will start flashing when power is applied. On some units it 
assumes a steady glow, on others it continues to flash. The 
voltage reading on test points 810 and 811 should be approxi- 
mately 300 volts DC depending upon the line voltage. Be 
careful not to ground any point in this circuit except test- 
poi lit ground or chassis. 

Typical troubles in this circuit causing the line fuse to open 
are shorted diodes on the bridge, CR810, or a shorted capaci- 
tor C810, C8I I, C813 or C814 

INVERTER BOARD 

Next in line is die inverter circuit. T he problems most com- 
mon to this circuit are open fuse F8I0, shorted transistors 
L>825 or Q835, or shorted diodes CR825, CR835, CR828 or 
GR838. An open inverter fuse usually indicates trouble in 
the inverter. 

Before working in this circuit, unplug the power cord and 
give the storage capacitor* time to discharge. Remove die 
line selector cover containing die line and inverter fuses. 
We’re now ready to make some resistance checks on the in- 
verter boaid. 

With your ohmineter set to the xl kfl scale, take a reading be- 
tween test points 826 and 836. The reading should be several 
megohms in one direction and J.5 kn with the test leads 
reversed. Check between test points 836 and 820. You should 
get a high and low reading as lieforc. This checks the tran- 
sistor* and important diodes in the inverter stage. If you 
get a low reading in both directions oil either of these tests, 
remove the transistor from die side having the low' reading 
in both directions. A set of readings l>etween the appropriate 
test points will show whether it is the diode or the transistor 
that is defective. Diodes CR826 and CR836 arc not rhetkrd 
by the above procedure but will not prevent the inverter 
from running even if shorted. Once you achieve a high 
resistance on both sides of the inverter, it w'ill probably 
operate when you apply the proper power to it. However, 
before applying power, a quick check should be made on 
rectifier board test point 860 to ground. The resistance 
should be cs 2 ki? or 40 kO depending on die polarity of die 
meter leads. 



You can now prepare to apply power to the instrument. 
Install the line selector cover. Remove Q860 to disable die 
pre-regulator circuit. Connect your test scope between test 
point 836 and ground on the inverter board. Vertical sen- 
sitivity should be 50 V/div DC at the probe tip, the trace 
centered and the sweep speed set to 10 /*s/div. Connect a volt- 
meter between die -f 75 V test point and ground on the recti- 
fier board. Plug the scojie into an an to transformer and with 
the line voltage set at zero volts, turn the instrument on. 
Slowly advance the line voltage while watching the test scope. 
If the trace moves up or down, the inverter still has problems. 
If the trace holds steady, the inverter should start as the line 
voltage approaches 80 volts. A square wave of approximately 
25 kHz and 200 volts will appear on the test scope. Do not 
advance the line voltage any further. The -+-75 volt supply 
should not be allowed to exceed 75 volts to prevent blowing 
the inverter fuse. 

RECTIFIER BOARD 

You arc now ready to check the pre-regulator circuitry. Turn 
off the scope and return the line voltage to zero volts. Replace 
Q860 in its socket Slowly advance the line voltage while 
monitoring the +75 volt supply. If the +75 volts holds 
steady, you can advance die line voltage to a normal selling. 
If the voltage is not stable or if the signal being monitored 
on lest point 836 on the inverter board is erratic in frequency, 
the pre-regulator is not working properly. The quickest 
mediod of troubleshooting this circuit is to check die associ- 
ated transistor* with a curve tracer or ohmmeter. T he wave- 
forrm shown on the fating page are typical for a properly 
operating supply. 

MECHANICAL CONSIDERATIONS 

Most of the components in the power supply are readily 
accessible from the top of the printed circuit l>oards. How- 
ever, when it is necessary to remove a soldered-in component, 
wc suggest you remove the circuit l>oard from the assembly 
and unsolder ihc component from the back side of die board. 
The line input board and the rectifier board are readily 




Low-voltage supply removed for easy servicing. Line input 
board is on the left side, rectifier board on top, and lust the 
edge of the inverter board is visible at the right . 
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removed by loosening two or three screws. The inverter 
board is somewhat more difficult to remove; the manual 
gives the proper procedure. 

Care should be exercised when replacing Q825 or Q835 
located on the ceramic heat sink on the inverter board. The 
mounting studs are soldered into the printed circuit board 
and may be broken loose by applying excessive torque. 



When placing the power unit back into the mainframe take 
care to properly dress the power unit cables ljetween the 
power unit and the logic board. Lowering the swing-down 
gate on the right side of the instrument will let you guide 
the cables into place. 

In the next issue of TEKSCOPE we will discuss ilic 7704 high 
voltage power supply. 
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INSTRUMENTS FOR SALE 



561 A, $500. 3T77, $500. 3S76. $850. Harold 
Dove. 837 Uvalda St.. Aurora, Colo. 80010. 
(303) 343 2906. 

5-5I4D, 5J4AD, 524AD, 502, 541, 543A, 
180A. 2 ea. 160A, 161. 163, 162. Jim Ken- 
nedy, Tcchnitrol. Inc., 3825 Whitaker Ave., 
Phifa., Pa. 19124. (215) 426-9105. 

575, $900. Hans Frank. Dynaco. Phila., Pa. 
(215) CE 2-8000. 

502 Aj 202-1. Ron Calvanio or Dr. Demon, 
Mass. Gcn'L Hospital, Dept, of Anesthesia. 
Emir Sr., White Bldg.. Boston, Mass. 02114. 
(617) 726-3851.726-2034. 

2 ca. 5 1 3D, 517. Dr. Frederic Davidson, E.E. 
Dept.. Johns Hopkins Untv., Baltimore. 
Md. 21218. (301) 566-3300, Ext. 249. 

515A. C. Katzen, 243 W. Main St., Cary, ill. 
60013. (312) 639-4768. 

601, $925. Dr. William Spicklcr, Cox Heait 
Institute, 3525 Southern Blvd., Kettering, 
Ohio 45429. 

51 4D, $250 or trade for 3 in. mode!. Arthur 
Pfahcr. Hoover Electric. Hangar 2. Port 
Columbus Airport, Columbus, Ohio 43219. 
(614) 235-9634. 

561A.3A6.3B4, Package price, $1250, Picric 
Cathou, MIT Branch, P.O. Box 104. Cam- 
bridge. Mass. 02139. (617) 868-5782. 

53G, $100. 53/54B, $85. Dan McKenna. 
(517) 725-7211. 

2-453. Dave Bailstadt. Optical Digital Sys- 
tems, 1173 E. Highway 36, St. Paul, Minn. 
55109. (612) 484-8589. 

5 1 3D. Lou Chall. 2834 Serange Place, Costa 
Mesa. Calif. 92626, (714) 545-6536. 

549, 1AI, 202-2, $2800 complete. J. C. Davis, 
Republic Nat’l Bank, Sunset Plaza, Pueblo, 
Colo. 81004. 



611. Dr. Les Wanniugcr. General Mills, 
Inc., 9000 Plymouth Avc.. N.. Golden Val- 
ley, Minn. 55427. (612) 540-3444. 

561A, 3A6, 3B3. Excellent condition. $1000. 
Might accept 321 or 321 A as part payment. 

(213) 792 49G2. 

323, $850. C30AP, New, $450. Harold Moss. 
(213) 398-1205. 

5 36, 53/54K, 53/54T, $800. S54, $300. Geo. 
Schneider, Profcxray Div., Litton Medical 
Prodticts, 1601 Beverly Blvd., Los Angeles, 
Calif. 90026. (213) 626-6861. 

511 AD. $300. Carl Powell, 3906 Jackson 
Hwv. Sheffield. Ala. 35660. (205) 383-3330. 

13 - RM561 A/2A60/ 2B67 never used. At- 
tractive discount. J. Wielaiul, 16950 Encino 
Hills Dr., Encino, Calif. 91316. 

316, $600. I. R. Compton, Com pt ionics, 
3220 - 16th West, Seattle, Wash. 98119. 
(206) 284-4842. 

2B07. $175. 63 Plug-In, $100. Roger Kloep- 
fcr. (517) 487*6111, Ext. 392. 

514A. Geo. Butcher, Electronics Marine, 
P.O. Box 1 L94, Newport Beach, Calif. 
92663. (714) 673-1470. 

1L20. George Bates, Dynair Elect., 6360 
Federal Blvd.. San Diego. Calif. 92114. 
(714) 582-9211. 

611, $2000. Dr. A. Sanderson, Harvard 
Univ., Electronics Design Center, 40 Ox- 
ford St., Cambridge. Mass. 02138. (617) 
495-4472. 

P6040 Probe, Amplifier, P.S., $600. Bob 
Waters, Jr., ARCT, Inc., P.O. Box 11381, 
Greensboro. N.C. (919) 292-7450. 

503 w/Grid. Wm. Gelb, Gelb Printing & 
Lithographing Co., 6609 Walton St., De- 
troit. Mich. 48210. (313) 361-4848. 

555 complete. Scope Cart. Fred Samuel, Ch. 
Engr„ WXTV, Ch. 41, 641 Main St.. Pater- 
son. N.J. 07503. (201) 345-OCV1 1 . 



547, 422, 453, 502. Plug-Ins, Cal. Fixtures. 
Manzano Laboratories. Inc.. 146 Quincy 
Ave., N.E., Albuquerque, N. M. 87108. 
(505) 265-7511. 

514AD, $260. J. Baisoomian, 31 Porter Si., 
Watertown, Mass. 02172. (617) 924-6475. 

2-531 A /CA, $895. 2-5S1/CA, $695. 53/54C, 
$150. 2A63. $125. J. Boyd. Tally Corp.,8301 
180th South. Kent, Wash. 98031. (206) 
251 5500. Ext. 6787. 

5-15B, I A I, 1A7. Scientific Industries, 150 
Hericks Rd., Mineola, N.Y. (516) 746 
5200. 

547, IA4, 1A2, 202-2. as package or individ- 
ually. Phil DiVita, Data Display Systems, 
Inc., 139 Terwood Rd.. Willow Grove, Pa. 
19090. (215) 659 6900. 

105. $100. Charles Yclvcrton, Jones County 
r. College. Ellisville, Miss. 39437. (601) 
64-3667. 

516. $1020. 564 B/ 121 N, $876. 3A6, S440. 
3B3. $544. 545 B, $1360. 1AI. $520, IA6, 
$236. 201-1, 3116. 201-2, S124 . 202-2, $124. 
Larry Classman, 5584 Benton Woods Dr.. 
N.E., Atlanta, Ca. 30342. (404) 255 5432. 

531 A, CA, 202 Mod. A. $500 package. Torn 
Eckols, Dow Jones Co., Dallas. Texas. 

(214) ME 1-7250. 



INSTRUMENTS WANTED 



453. W. Pfeilfcr. 1332 E. Portland. Spring- 
field, Mo. 65804. (417) 869 0249. 

519. John Barth, Barth Coqj.. 7777 Wall 
St., Cleveland, Ohio 44125. (216) 524-5136. 

503. A. Ruben. Medical Sales ffc Service, 270 
E. Hamilton St.. Allentown, Pa. 18103. 

(215) 437-2526. 

R561A or B. with or without Plug-In*. Dr. 
Paul Coleman, Univ. ol Rochester Medical 
Cntr.. Anatomy Dept., Rochester. N.Y. 
14620. (716) 275-2581. 
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NEW PORTABLES 



pack more performance 



more viewing area 
more bandwidth 
more sensitivity 
more writing rate 
faster sweeps 



See the 324 , 453A, 454A at the IEEE Show 
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PROGRESS IN SEMICONDUCTOR TESTING 
LINEAR 1C TESTING WITH THE CURVE TRACER 
OSCILLOSCOPE TO CURVE TRACER 



DELAYING SWEEP GOES DIGITAL 
DIFFERENTIAL AMPLIFIER TECHNIQUES 
SERVICING 5t00-SERIES DISPLAY UNITS 
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IN 

SEMICONDUCTOR 

TESTING 

^YtcX' isffiffflffff- Project Manager 

Providing advancements in component measurements , 
the new 577 Curve Tracer Measurement System com- 
bines display storage and linear IC testing capabilities in 
a new , inexpensive j easy to use instrument . 

f V curve tracer is a special purpose osclloscope used 
display the performance characteristics of many 
different types of electrical components. The name 
‘"curve tracer" originated from the ability of these in- 
struments to display the characteristic :urves repre- 
senting the capabilities of active devices. Their use to- 
day includes not only active devices but also relays, 
power supplies, small induction motors, light bulbs, 
connectors, capacitors, and other components. 

Tektronix, Inc., long the leading manufacturer of curve 
tracers, now introduces the 577 Curve Tracer Measure- 
ment System. This new, low-cost system makes the 
majority of the measurements required to test semicon- 
ductors. In addition, it is a complete system for mak- 
ing extensive teste on linear integrated circuits. 

To provide the most versatile measurement system, 
modular construction techniques are used, The 577 
Curve Tracer Measurement System consists of three 
major sections; display module, mainframe, and test 
fixture. Two display units are available; the 1>I Storage, 
a split-screen bistable storage unit, and the D2, a large- 
screen non -storage display unit. These attach to the 577 
Curve Tracer mainframe; the display units can be inter- 
changed in a matter of minutes. The mainframe also 
accepts plug-in test fixtures. Presently available are the 
177, a test fixture for displaying tests of two-, three-, and 
four-lead devices, and the 178, a test fixture specifically 
designed to display characteristics of linear integrated 
circuits such as operational amplifiers, differential ampli- 
fiers, and regulators. The plug-in test fixture concept 
also allows future expansion of the system. 

Cover — Pfcturea is the 17B Linear iC Tesi Fixture used 
with the new 577 Curve Tracer which offers display 
storage. Most Unear tC tests can be performed with 
this tow-cost bench top system , 



The Mainframe 

The 577 Curve Tracer mainframe contains the power 
supplies, horizontal amplifier, vertical amplifier, collector 
supply, and step generator. Controls for the collector 
supply, step generator, and horizontal volts/ division are 
located on the 577 mainframe. Vertical deflection factor, 
however, is controlled from the test fixture, allowing 
selection of optimum ranges for the device being tested. 

A new collector current measuring scheme for vertical 
deflection was developed for the 577. A comparison 
between this method and that used in previous curve 
tracers is shown in Fig. 1. Notice that in the 577/177 
the collector current is sensed in the lest fixture rather 
than in the mainframe as in previous instruments. This 
has two major advantages. First, the collector supply 
docs not have to be isolated from ground as in previous 
designs, resulting in a considerable cost savings in the 
construction of the 577. Secondly, the test fixture can 
he easily designed to measure the current in any lead 
of the device under test as required, for example, in 
the 178 Linear IC Test Fixture. 




Fig. t. Block diagrams of the collector current measi/r- 
Ing circuitry in the 57$ and 577. 

The Display Modules 

Each of the display modules uses a 6 /a -inch ceramic 
CRT with an 8x10 division (J4 inch/div) internal 
graticule. The CRT, with 3.5 kV accelerating potential, 
has a bright, well-defined trace. Simplest of the display 
modules is the 1)2 display unit. It contains the CRT 
with its controls, the high- voltage supply, a beam finder, 
and the power switch. In addition to the normal dis- 
play functions of the D2. the D1 display module pro- 
vides storage on a split-screen, bistable CRT. 
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The Test Fixtures 

The 178 Linear IG Test Fixture allows the display and 
measurement of linear IG characteristics such as gain, 
input current* common-mode rejection ratio, and power 
supply rejection ratio. Its operation will be covered in 
a separate article immediately following this discussion. 

The 177 test fixture is designed to test two** three- and 
four- lead devices. This test fixture provides many of the 
features found in previous curve tracers such as looping 
compensation* Kelvin sensing* and interlocked high- 
voltage collector supply (100* 400* and 1600 volt 
positions) . 

The 1 77 can measure collector currents at sensitivities as 
low as 200 |>A /division. This is made possible in large 
part by the new collector current measuring scheme. 
The mode switch on the 177 includes a position which 
allows measurement of emitter- base leakage or break- 
down characteristics, Also included on this test fixture 
is an independent —12 to + 1 2 V bias supply which 
can be used to bias the substrates of devices having 
more than three terminals. 

A new measurement possible with the 177 is compara- 
tive capacitance measurements to as low as 1 pF, The 
difference in current required to charge and discharge 
the capacitance from the collector terminal to ground is 
shown by a loop in the display. By comparing the dis- 
played looping of several devices, comparative capaci- 
tance can be determined. Unknown capacitance values 
can be measured by using a reference capacitor to cali- 
brate the display in terms of capacitance /division. 

Operating the 577 with the 177 

Operator convenience has been designed into the 577/ 
177 system to provide faster measurements and simpler 
operation. The front panel has been simplified by elimi- 
nating several unimportant controls* while at the same 
time retaining the operator conveniences pioneered by 
the TEKTRONIX 576 Curve Tracer, 

A new feature in the 577 system is automatic shutdown 
of the collector sweep if more than 2/t screen diam- 
eters of vertical deflection result (on higher current 
ranges only) , This will often prevent the device under 
test from being destroyed if it is subjected to more cur- 
rent than is expected. 

To provide easier setup, the front-panel pushbuttons 
have been color-coded. When all of the dark grey but- 
tons arc pressed in* the system is ready for most normal 
measurements, Lights arc used behind the skirts of the 
STEF OFFSET AM PL, HORIZ VOLTS/DIV, and 
VERTICAL SENSITIVITY knobs, This makes the 
selected measurement value readily visible, Another fea- 
ture of the back-lit knobs is that the lights automatically 



change position when the magnifiers or X.l controls 
arc used so they always indicate: the correct measurement 
value, 

For More Convenience, Add Storage 

The D1 Storage display adds new operator convenience 
to semiconductor testing and makes possible measure- 
ments which previously were either very difficult or 
Impossible to make. Comparison measurements where 
you want to directly compare the characteristics of one 
device with those of another are made easier with stor- 
age. An application of storage which uses the split- 
screen feature is storing the limits of device performance 
on one half of the screen and comparing it against the 
performance of another device displayed on the other 
half. 

The changing characteristics of a device at different 
operating levels can be readily compared using storage. 
Fig. 2 shows the collector current of a transistor plotted 
against the base to emitter voltage. The curve at the 
left was plotted at a vertical sensitivity of 0.2nA/div, 
Each successive curve is one order of magnitude greater 
and the last curve is at 20 mA/div, In this way, the 
performance of the transistor may be viewed and com- 
pared over nine orders of magnitude of collector current, 

Storage can also be very useful to display the changes in 
characteristics of the device under test due to some 
external influence such as when heated or cooled. This 
Is an easy way to find the zero temperature coefficient 
point of FET’s and Zener diodes. 




Fig. 2. Storage display of a series of single curves 
plotted at different vertical sensitivities, 

Checking the characteristics of a device which is operat- 
ed near or even beyond its specified dissipation limits 
can be facilitated by storage. With the stored display* 
the device under test needs to be subjected to the poten- 
tially destructive conditions for only long enough to 
store the trace. For tests where it is desired to inten- 
tionally cause the device to fail* the stored display allows 
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close examination of the conditions present at the time 
of failure. 

Storage also allows more convenient plotting of the 
characteristics of devices when using the oulsed or DC 
collector sweep inodes. These characteristics are normal- 
ly displayed as dots on the screen. Storage allows the 
dots to be stored as the collector voltage is varied, thus 
tracing out the complete curves. 

Some very unusual tests can be made using storage. 
One example is checking relays for pull-in and drop-out 
voltage and current With the collector supply operated 



in the DC inode, the relay coil is connected between the 
collector and emitter terminals. Then the collector sup- 
ply voltage is varied manually. When the relay armature 
moves, it induces a voltage change into the coil which 
can he seen on the display. 

Taking photographs of the display is greatly simplified 
with storage also, particularly when using the pulsed 
or DC sweep modes. Storage allows the complete display 
to be presented at a uniform intensity and unwanted 
displays can be erased as many times as necessary before 
the correct display is obtained, thereby saving film. 



LINEAR 1C TESTING CONES TO THE CURVE TRACER 



ft */jt /'(7r/v/4 Project Engineer 

mil now, testing of linear ICs has been an ex- 
pensive, complex job. Most of the IC testers pre- 
viously available either required special tea cards which 
could test only one specific type of IC, were computer 
controlled, or needed external equipment to make the 
measurement. This limited the use of IC testers to only 
the most critical or important test areas such as manu- 
facturing or incoming inspection. As a result, linear IC 
testing was not available in many locations where it 
could be very beneficial. 

With tlie introduction of the new 577/1 77/1 78/D 1/D2 
Curve Tracer Measurement System, Tektronix, Inc. 
now makes testing linear ICs as easy and convenient as 
testing transistors. The 178 was designed as part of the 
577 Curve Tracer Measurement System to make it more 
versatile and less expensive. In addition, since many of 
the same areas that require discrete component testing 
also require IC testing, this arrangement provides ex- 
tended test capabilities in a convenient, easy to use 
system which requires a minimum of bench space. 

System Design 

The 178 plugs into the 377 Curve Tracer Measurement 
System. The D1 Storage display is recommended for use 
with the 178 since it provides the best display of the 
very low sweep rate which must be used to display 
many linear IC characteristics. In combination with 
these units, the 178 provides the complete capabilities 
to measure and display the various parameters of linear 
ICs. The 178 includes a sweep generator, positive and 
negative supplies, vertical measurement system, feedback 
loop for the device under test, and switching capabilities 
to facilitate testing of the many varying parameters under 
diverse conditions. 

Plug-in test cards define the type of IC that can be 
tested. Presently, two test cards are available; a card 
for testing 1C amplifiers, and a card for testing IC reg- 



ulators. These test cards can be easily interchanged 
to left either type of device. The pin configuration for 
specific devices is determined by jumper leads on the 
test card. The card can be quickly set up to test most 
of tiie linear ICs presently available. 

Testing IC Amplifiers 

The basic circuit configuration of the 178 with the 
Amplifier lest card installed is shown in Fig. 3. This 
configu ration makes it possible to test operational ampli- 
fiers under open loop conditions and allows die test 
conditions to be set up as specified by the manufacturer. 
The Feedback Amplifier permits measurement of AC 
differential input voltage without loading the inputs. 
The Sample and Hold Amplifier nullifies the effect of 
DC offset voltage while allowing this voltage lo bo 
measured without loading the inputs. The source resis- 
tors and load resistors can be easily selected by front- 
panel switches. The FUNCTION switch provides the 
necessary switching of the generators and amplifiers for 
the different tests. Test conditions can also be changed 
by varying the amplitude and frequency of the 4* and 
— voltages to the Device Under Test, 

Specifications given by the IC manufacturer are at 
typical operating levels. However, if you arc designing 
a circuit which requires the IC to operate at different 
levels than those specified (e.g., different output voltage 
levels. load, frequency, etc) performance could be com- 
pletely different. The 178 allows you to check operation 
of the amplifier IC under this specific conditions at which 
it will be operating. Typical characteristics which can 
be checked on a linear IC amplifier are open-loop DC 
gain, common-mode rejection ratio, power supply rejec- 
tion ratio, input and supply current, phase shift, effect 
of thermal feedback, and check of popcorn and random 
noise. Some of these tests on a typical linear IC are 
shown in Figs. 4 through 10 
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Fig, 5* Open loop gain changes re- 
sulting from change in load. When 
the output is loaded, the power dis- 
sipation in the output stage raises 
the temperature oi the whole chip. 
This change in tenwerature causes a 
change In input offset voltage that 
changes tov/drequency gain. 



Fig. $, Shows the phase shift assoc- 
iated with gain at several different 
sweep frequencies. 




Fig, 8. Power-supply refection ratio 
(PSRR) with both and supplies 
varied out of phase. Horizontal axis 
shows change in supply voltage 
while vertical axis shows differential 
Input voltage. Calculating PSRR 
from +2 volts to -M2 volts: 

psRR su pply vp haga variation _ 
tSllforantiol inpjt voitagn 

2.o div x av/atv 
OS W x bmV/Qiv 

4.000 = 20 'cifjm {4000} 72 <W 




Fig. 9. Check fng Input bias current 
and input offset current . Top line 
shov/s positive input bias current of 
about 56 nA , Bottom line shows neg- 
ative input bias current of about 42 
nA. Difference between positive and 
negative Input bias current is the off- 
set current of about 14 nA. 




Fig. 4. Plot of open toop gain with 
bandwidth limited to eliminate noise. 
Small aberrations in trace Indicate 
popcorn noise. Calculating overall 
gain: 

(iain voltagt §wfng _ 

*” Input wjitaflP awing ™" 




Fig. 7 . P/of of common- mode re- 
fection ratio (CMRR). Notice that 
the CMRR Is changing from point to 
point . Overall CMRR can £>& calcu- 
lated as totiows: 

CMRH - eom mott,rm 0d9 volt age 
differentia input voltage 

5 div x 5 V/div _ 

3 dfr x 0,5 mV J div 

HJOQ log>, (16,700} - 84 c W 




Fig . 10. Positive supply current plot- 
ted against positive supply voltage * 
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Testing 1C Voltage Regulators 

IC regulators have come into common usage in low* 
voltage power supplies. The 178 can display the param- 
eters of these devices when the Regulator test card is 
installed. 



U> be tested under conditions approximating those of the 
actual circuit Some of the tests which can be made are 
measurement of output voltage, line regulation, load 
regulation, and measurement of input current. 

Summary 



Fig. 11 shows the bade circuit configuration when this 
card is installed. The Sample and Hold Amplifier nulli- 
fies effects of DC output voltage on the Device Under 
Test. The output tf the Feedback Amplifier is propor- 
tional to the AC changes at the output of the Device 
Under Test 

Just as for amplifier ICs, the 178 allows IC regulators 



The 577/177/178 Curve Tracer system joins many other 
TEKTRONIX instruments which help the engineer to 
belter understand the discipline in which he works. This 
system expands component measurements and makes 
them easier for better product specification by the manu- 
facturer, more effective circuit design by the engineer, 
and quicker instrument repair by the service technician. 




ACKNOWLEDGMENTS 

Jack Mill ey headed up the very 
able team which designed the 
577 Curve Tracer Measurement 
System. Working on the elec- 
trical design were Jim Knap- 
Ion, Bob Herb, Bob Verrlnder, 
Om Agrawal, Dave Rule, and 
Gary Davis. Tom Saucy did the 
mechanical design while Dar- 
rell Barrett and Oil Stephens 
provided evaluation support. 
Lena McIntosh and Iona Mac- 
Key built the prototype Instru- 
ments. And there were many 
others who helped in both 
large and small ways to make 
this project a success. 



Fig . 11. Stock diagram of the 176 configured for testing to regulators. 



OUR AUTHORS 




Jack Millay 

Jack attended Multnomah College before joining TEK In 1958. 
As manager of the Curve Tracer Engineering Group, he has been 
Involved In most of the recent advancements In this area and has 
authored several previous articles for TEKSCOPE. 

Jack la married and has two children When net working with 
curve tracers, he enjoys flying, bee keeping, and antique cars. 



Om Agrawal 

Om Is a native of India end received hfs Bachelors of Technology 
in Electrical Engineering at the Indian Institute of Technology, 
Kanpur, India. After coming to the U.S., he attended ihe Case 
Institute of Technology, receiving an M.S.E.E. He Is presently 
attending the University ol Portland where he plans to receive an 
M.B.A, degree in December. 

Since slartlng at TEK In 1970, Om has worked on the 172 as well 
as the current 577/177/178 prefect When not working or studying, 
he enjoys swimming and roller skating. 



6 



OSCILLOSCOPE to CURVE TRACER with one PLUG-IN 

. //„// mi * ********* Instrument Engineering 



Lr rJhe need for some form of tester becomes obvious 
— 1 to anyone who works with semiconductor devices. 
By measuring parameters of interest, a tester provides 
operating information about a device, A simple go no- 
go (static) tester provides a limit- 
ed amount of data, and usually 
only about a specific operating point* 

Such things as breakdown, leakage, 
or non-linearity may go undetected, 
and device match ing is very difficult. 

Dynamic testers in general, and 
curve tracers in particular, quickly 
provide information which is diffi- 
cult if not impossible to obtain with 
a static tester. 

Tektronix makes a variety of curve 
tracers, and each has its particular 
advantages. Two recent entries into 
the TEKTRONIX Curve Tracer 
line are plug-in carve tracers — the 
5CTIN and^/CTlN* The 5CTIN 
is designed for use with the TEK- 
TRONIX 5000-Series and the 
7CT1N for the 7000-Series Oscil- 
loscopes* The primary advantage of 
the plug-in curve tracer is that it is 
now possible to have both a labora- 
tory oscilloscope and a moderate 
range curve tracer in one package. 

As handy as this is for bench use, it 
is even more useful for on-site re- 
pairs. Other advantages arc low 
cost and ease of eperation. 

These units have been designed to make the usual tests 
quickly, but ev*en extensive tests can be done with a 
minimum of difficulty* Power available at the test 
terminals is limited to 0,5 watt* While this may seem 
insufficient at first, most small signal devices can be ade- 
quately tested with this power level. Also, because of 
this limited power, it is unlikely that a device will be 
accidentally destroyed and errors caused by device 
heating are almost eliminated* Now let’s look at some 
of the tests that can be made with this curve tracer. 

Testing Signal and Power Diodes 

Set up controls and connect diode as shown in part A 
of the Basic Measurement Reference Chart. For a func- 
tional check, turn COLLECTOR/DRAIN VOLTS 



clockwise* A trace similar to the one shown should 
appear if the diode is good. Horizontal displacement h 
forward voltage (Vf), and vertical displacement is for- 
ward current (Ip) * 

Forward current up to 160 milli- 
amps can be measured. By pressing 
the NPN-PNP switch, reverse polar- 
ity voltage is applied to the diode 
and reverse current or leakage (Ir) 
as low as 10 microamp & can be mea- 
sured. By changing tire .5 V - 2 V 
and X10 buttons, reverse voltages 
(Vr) up to 200 volts may be applied 
to the device* 

If it is desired to look at an It of 
less than 10 microamps, return GGL* 
LECTOR/DRAIN VOLTS to zero 
and release the -5- 1000 button. Thji 
increases the sensitivity of the VER- 
TICAL AMPERES/DIV by a fac- 
tor of 1000 and puts the plug-in into 
a DC sweep mode. The normal dis- 
play becomes a dot. Position the do: 
to the upper right banc corner of 
the CRT and increase COLLEC- 
TOR/DRAIN VOLTS, Ir as low 
as 10 nanoamps can now be mea- 
sured* 

Tasting Zener Diodes 

When testing Zeners, usually only 
the reverse or breakdown character- 
istics are important. Make initial set up and connection! 
as shown in part B with the *5V-2 V and XIO button* 
set to the appropriate range for the Zener being used. 
Advance COLL ECTOR /DRAIN VOLTS until diode 
breakdown occurs, Zener voltage (V z ) is measured 
horizontally, and Zener current (Iz) is measured verti- 
cally. Zeners up to 200 volts can be tested in this man- 
ner, but the available power is limited to 0*5 watts peak. 
Pressing the NPN-PNP switch displays the Zener's for- 
ward characteristics. 

Testing Tunnel Diodes 

The important characteristics of a tunnel diode *j>eak 
current (Ip) , peak voltage (Vt*), valley current (Iv) , and 
valley voltage (Vy) — ocur in the forward direction, 
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normally with less than one volt across the device. Set 
up as noted in part C with diode connections as shown. 
Advance COLLECT OR/ DRAIN VOLTS until tunnel 
action occurs. Any diode having an h less than 160 
milliamps can be checked. The display will be adequate 
for functional checks. If a more detailed analysis is re- 
quired, the horizontal scan can be expanded by con- 
necting the external output to an Amplifier plug-in. 
By setting the amplifier deflection factor below 50 mV/ 
div (100 mV/div for the 7CTIN) ; the horizontal voltage 
can be expanded as desired. 

Testing Silicon-Controlled Rectifiers 
& S II Icon-Com rolled Switches 

These devices may be functionally tested only if their 
gate firing current is less than 15 mA, Set up and con- 
nections are shown in part D. Adjust COLLECTOR/ 
DRAIN VOLTS for full scale deflection and advance 
STEP control until SCR or SCS conducts. If this does 
not supply enough current to switch the device, pull out 
the STEP OFFSET control and adjust aiding offset for 
about 5 more milliamps. Forward voltage at any current 
up to 160 milliamps can now be measured The reverse 
characteristics of an SCS can be tested bv pressing the 
NPN-PNP switch. 

To measure forward blocking voltage up to 200 volts, 
connect the gate terminal to the cathode terminal di- 
rectly or through a fixed resistor, Advan:e COLLEC- 
TOR/D RAIN VOLTS until the device starts to con- 
duct as in diode breakdown. When a current level above 
the holding current is reached, the device will switch to 
the ON state, and forward voltage will drop to a low 
level. Pressing the NPN-PNP switch allows measure- 
mem of reverse blocking voltage. 

Testing NPN-PNP Transistors 

The 5CT1N/7GT1N are designed to give functional, 
or hu, and V CE (sat) measurements easily. Other tests that 
can be made are BVceo and leto, BVct« and Ictm 
BVcbo and BVoo, Since the maximum peak power 
delivered to the device is only 0.5 watt, most transistors 
are safe from accidental damage due to excess power. 

For a functional test* set up as in part E. Set COI*- 
LECTOR/DRAIN VOLTS for full screen display (less 
if transistor exhibits breakdown ) . Turn STEP control 
clockwise to increase number of steps until a family of 
curves is displayed. Small signal ft or h u ii Ale ML and 
can be calculated from the display as follows: set collec- 
tor current (Ic) to desired level using ST EP AMPL, 
STEP, and VERTICAL AMPERES/DIV controls. 
Divide VERTICAL AMPERES/DIV setting by STEP 
AM PE setting to obtain yS/div. Measure the vertical dis- 
tance between two curves near the desired Ic level and 



multiply by /?/div to obtain p for the device under test. 
Positioning or offset may be used to set the desired curve 
at a convenient reference point, 

Vci(sat) is the collector to emitter voltage at a point 
near or below the knee of the displayed curve. Vet (sat) 
is dependent upon base drive and collector current, so 
these factors must be considered if Ves(sat) is being 
measured to verify a specification. 

To measure BV CEO and Icco> open the transistor base- 
lead by removing it from the test adapter or B/D jack 
Adjust COLLECTOR / DRAIN VOLTS and change 
.5V-2V and X10 buttons until specified Icio is 
obtained vertically. Read RVceo horizontally. Icto 
than 10 microamps may be tested by using the +1000 
button. BVces and Ices are measured the same way, 
except that the base lead is shorted to the emitter lead. 
To measure BVceh and Icer, the base lead is connected 
to the emitter lead through an external resistor. 

BVfeo is the reverse voltage necessary to break down ihc 
emitter base junction. The easiest way to measure it is 
to connect the base lead to the emitter terminal and the 
emitter lead to the collector terminal, leaving the col- 
lector lead open. Adjust COLLECTOR /DRAIN 
VOLTS until breakdown occurs, which is usually at less 
than 20 volts. 

Testing Field-Effect Transistors 

Most FETs can be checked with the 5CT1N and 
7CT1N. Functional, loss, g*i, and V? are the most com- 
mon operational checks. Placing the XSTR-FET button 
in the FET position sets the plug-in to measure FET'S in 
the depletion region. The same test adapter can be used, 
since the XSTR-FET button changes the internal lead 
connections, and changes the transistor base current 
drive to opposite polarity FET voltage drive. However, 
proper device basing configurations as specified by the 
FET manufacturer must be observed. 

For a functional check, set up as in part F. Turn COL- 
LECTOR/DRAIN VOLTS to obtain full screen deflec- 
tion and adjust the STEP AM PL and STEPS controls 
to display a family of curves. loss is measured by turning 
the STEP control fully counterclockwise. This applies 
zero bias to the FET, and the single curve that remains 
is the loss curve. 

Small signal iransconductance (g*) is ^ilo/AV^s* To 
measure g„, obtain a display of Id as described for a 
functional check. Use STEP AM PL, STEPS, and VER- 
TICAL AMPERES/DIV to obtain desired I D . Calcu- 
late gn/div by dividing the VERTICAL AMPERES/ 
DIV setting by the STEP AM PL setting. Measure 
vertical distance between two curves and multiply by 
calculated g m /div. If it is desired to lock at an FET in 
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the enhancement region, pull out the STEP OFFSET 
knob and adjust up to 5 steps of opposing offset Since 
the offset is uncalibrated, the zero bias (Id$$) point must 
be marked in some manner. 



Summary 

The 5CT1N and 7CT1N arc designed to give a rapid 
check of device characteristics. Only a few of the checks 
which can be made have been discussed here. For more 



Pinch off voltage Vp is measured by increasing the STEP 
AMPL and STEP controls until a specified pinch off 
current is reached. Vp is the step amplitude multiplied 
by the number of steps required to reach pinch off. 



detailed information or for further tests, see either the 
Tektronix Measurement Concepts Book “Semiconductor 
Device Measurements" (P/N 062-1009-00) or the in- 
struction manual for the particular plug-in. 



5CT1N/7CT1N 

BASIC MEASUREMENT REFERENCE CHART 



DEVICE 



CONTROL SETTINGS 



CONNECTIONS 



TYPICAL WAVEFORM 



A. signal & 
Power Dlode3 



COLLECTOR/DRAIN VOLTS 

,5 V - 2 V 

X1C 

VERTICAL 
. 1000 
NPN-PNP 
XSTR-FET 



MIN 

Oul (.5 V) 
Out CXI) 
i rtiA/DIV 
In t-f-1) 

Out (NPN) 
Out (XSTR) 







8. Zener Diodes 



COLLECTOR 'DRAIN VOLTS 

,5 V - 2 V 

X10 

VERTICAL 
- 1000 
WPN-PNP 
XSTR-FET 



JVIIN 

As needed 
As needed 
i mA/ oi v 
rn HD 
Out (NPN) 
Out (XSTR) 





C. Tunnel Diodes 



COLLECTOR/ DRA*N VOLTS MIN 
,5 V - 2 V Out (,5 V} 

X10 Out (XI) 

VERTICAL ImA/DIV 

+ 1000 In (-M) 

NPN-PNP Out (NPN) 

XSTR-FET Out (XSTR) 





D. SCR & SCS 



COLLECTOR /DRAIN VOLTS MIN 
.5 V - 2 V Out (,5 V} 

X10 Out (XI) 

VERTICAL 10 mA/DlV 

-1000 m HD 

STEP OFFSET In (off) 

STEP AMPL 1 mA/step 

STEP ccw 

NPN-PN P Out (NRN) 

XSTR-FET Out (XSTR) 





E, NPN - FNP 

Transistors 



COLLECTOR/ DRAIN VOLTS 
,5 V - £ V 
XI 0 

VERTICAL 

1000 

STEP OFFSET 
STEP AVIPL 

CfPP 

NPN-NPN 

XSTR-FET 



MIN 
In fS V> 

Oul (XI) 

1 mA/DlV 
In ( : D 
In (off) 

5 ^A/step 
ccw 

Match Transistor 
Out (XSTR) 





F. 



Field El feci 
Transistors 



COL LECTOR/ DRAIN VOL^S 


MIN 


,5 V - 2 V 


In (2 V} 


X10 


Oul (XI) 


VERTICAL 


.5 mA/DIV 


+ 1000 


In H D 


STEP OFFSET 


In (off) 


STEP AMPL 


.2 V/step 


STEP 


CCW 


NCh( P)-PCf>< } 


MaichFET 


XSTR-FET 


In (FET) 
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DELAYING 

SWEEP 

GOES 

DIGITAL 





Design Leader 



' r relayed sweep in the oscilloscope takes on a new face 
1 — — ^with the introduction of the 7D11 Digital Delay 
Unit* As a new coir, pie men t to the Tektronix 7000 Scries 
of products, the 7D1 1 can assist the oscilloscope user in 
need of accurate, low-jitter sweep delays, or having 
delay-by-coimt applications. 

Before Digital Delay 

Until now, sweep delays and differential time interval 
measurements have been made with the analog ramp— 
pickoff method* The function of the delaying sweep is 
to: accept the desired trigger, initiate its sweep— a cali- 
brated ramp, rim out to the desired delay time as deter- 
mined by the pickoff comparator circuit and generate 
the delay gate that notifies the delayed sweep to start or 
arm for triggering * The delayed sweep usually is set to 
run a decade or more faster than the delaying ramp* 
The delayed ramp is then applied to the horizontal 
amplifier and displays the waveforms of interest witli 
added resolution. 1 " 2 Intensification on the GRT by the 
delayed sweep gate helps in setting the start of the de- 
layed sweep to die point desired. 

The analog ramp type delay has been, and still is, doing 
an effective job* Some users, however, have applications 
that now exceed its capabilities in the areas of jitter, 
accuracy and linearity* Out of need to overcome some 
of these limitations, the 7D11 evolved. 



Digital Delay By Time 

The 7D11 lias two basic modes of operation. The first 
is the Delay by Time mode — where a highly accurate in- 
ternal clock is the time base from which delays are 
derived* Its function is still to notify the delayed sweep 
when to run* Its uses, such as measuring the width of a 
given pulse or determining the stability of an astahlc 
multi, are similar to analog ramp delay methods in that 
both deal in calibrated absolute time* 

The selected delay time is set by the number that is 
placed into a digital counter. Each count is related to 
one period of the crystal controlled clock. The ambiguity 
of one full clock period in starting the count is ever 
present in methods using gated clocks. This is overcome 
by actually using a high frequency oscillator which is 
phase locked to the clock crystal* The HF oscillator is 
switched into a frequency divider at the time that delay 
counting is to begin* This method yields a trigger- 
cohercnt clock that lias a gate ambiguity of only one 
cycle of the HF frequency* Once this trigger-coherent 
clock gcu started, the accuracy of the count is maintained 
by the stability of the crystal oscillator* The temperature- 
controlled crystal oscillator in the 7D11 has 0.3 ppm 
stability, suitable for most measurements. If more is 
desired, the front panel external 1 Mik input may he 
driven from an in-house timing standard* 
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CRT Readout of Delay 

The selected delay, by time or events, is displayed on 
the CRT READOUT of the 7000-Series mainframes. 
tSeven and one-half digits are displayed. For example, 
in the time mode, for a delay time of 1 second, the CRT 
reads 1000-0000+ in the upper readout channel; the 
legend “ms” is displayed in the lower channel. The 
least significant digit, then, is 1 00 ns, as the 7D 1 1 \s 
internal dock is 30 MHz. The ** + ” symbol reminds the 
operator to include the setting of the Fine Delay (ns) 
control on the 7D11 front panel. This control is a 0 ns 
to at least 100 ns analog delay in series with the digital 
time delay, it is provided to allow delay time adjust- 
ment through a complete digital increment and obtain 
all possible values of delay between. Where the helidial 
of the analog sweep delay was m control of the three 
most significant digits, the Fine Delay (ns) is only 
concerned with the two least significant digits of the 
measurement. Readings of the digital delay significant 
digits displayed on the CRT are unambiguous and 
with the Fine Delay (ns) control, resolution to one nano- 
second is possible. 

Forward-Reverse and Throttle 

A novel control is used to set the time delay or number 
of events desired. A spring-loaded potentiometer is 
suspended in mechanical as well as electrical center. 
The absolute value of wiper voltage is applied to a 
voltage-to-f requency converter to increment (or decre- 
ment) the display counter. The wiper is also compared 
to ground to steer the direction rail of the display coun- 
ter. In one control the decision to count forwards or 
backwards is made, and the rate of change of the count 
is set by the magnitude of the rotation of the knob. For 
example, a large count can be quickly set by rotating the 
control completely clockwise and backing off as the 
desired count is approached. 

SOME APPLICATIONS 
Measuring Propagation Time 

The application of a 7D11 measuring the propagation 
time through a cable, network, or device under test is 
depicted in Fig, 1. A pulse generator is driving the device 
under test (d.u.t.) as well as initiating the digital time 
delay, The front panel delayed trigger output and the 
d.u.t* output are observed using a dual-trace vertical in 
the Alternate mode, The reference trigger for the Alter- 
nate mode is the d.u.t, output. The 7D11 output and 
d.u.t. output are then alternately viewed while the 7D1 1 
digital delay is incremented, and lastly, the Fine Delay 
(ns) is varied until the two waveforms coincide on 
screen. When they coincide, as in Fig. 1, the two delay 
times are equal The digital reading plus the Fine Delay 
reading is die delay through the device under test. 




Measuring Delays <100 ns 



The fact that the 7D11 minimum time delay is 100 ns> 
doesn’t pm vent measurement of delays less than 100 ns, 
The setup for that is depicted in Fig. 2. The waveforms 
below show that the second pulse in and out of the 
d.u.t. are measured and the difference reading T s - T t 
is the device delay, 
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Fig. 2. Measuring device delays ot less than 100 ns. 
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Pulse Width Variations 

Suppose the width of a multivibrator is to be measured 
over extremes of temperature and power supply toler- 
ances. The leading edge of the multi pulse starts the 
time delay. Digital, plus Fine Delay (ns), is adjusted 
to place the trailing edge of the multi pulse m the 
delayed sweep display at some reference graticule line. 
The circuit under test is subjected to the voltage and 
temperature extremes and the 7DI1 delay is adjusted to 
bring the trailing edge back to the reference graticule 
line. 

Measuring Jitter 

The stability of an oscillator or other as table circuit 
can be measured (up to 0.5 ppm) with the 7D11 trig- 
gering the delayed sweep. The 7D11 accepts one of the 
oscillator cycles to trigger on and starts a relatively long 
time delay. A delayed sweep speed is used :hat displays 
approximately one whole oscillator cycle across the CRT 
screen. The time delay is found which exhibits a distri- 
bution of jumbled waveforms but doesn’t exceed a full 
cycle. The time excursion of the jumbled waveforms is 
measured and the contribution to jitter of the 7D11 
(2.2 ns or delay time x ICH, whichever is greater) is 
subtracted* Then the adjusted time excursion over the 
7D11 delay time is computed. 

Delay by Count or Events 

The Delay by Events mode of operation counts arbitrary 
trigger events, and delivers an output (notifies the de- 
layed sweep) when the preselected number of events is 
reached. The CRT READOUT now* displays integer 
numbers from 000000 1 for one event, to 10000000 for 
ten million events. Where formerly the delaying counter 
was incremented with 100 ns clock pulses, in the Event 
mode it is driven with pulses irrespective of the time 
between events. The trigger events can be periodic or 
aperiodic, and contain any instability such as jitter and 
drift. The 7D11 will trigger on these events, as they 
occur, up to a 50 MHz rate* 

To determine when to start counting the selected num- 
ber of events, the Events Start Trigger input must be 
provided with a related synchronisation pulse of some 
kind* In TV line selector applications, the start trigger 
would be furnished by the vertical sync pulse, and the 
horizontal sync pulses become the events counted. In a 
like manner, the origin pulse of a disc memory becomes 
the start trigger, while the disc clock will be counted 
until the storage location to be observed is reached. 

Delay by Event provides a significant improvement over 
using absolute time for sweep delay when observing 
events whose repetition rate is an arbitrary or irrational 
value, and comaim cycle to cycle variations like flutter, 
wow, line surges, or under damped servo lesponsc* 



A Synchronization Frame Generator 

If a rotational or cyclic piece of equipment is being 
observed, the 7D1 1 can become a synchronized frame 
generator in step with it if the equipment clock is the 
event start trigger as well as the trigger events to be 
counted* This is accomplished by* setting the events 
delay equal to the number of clock periods in the cycle. 
For example, suppose a 127-bit pseudo-random-bit se- 
quence generator is built, and a sequence-frame pulse 
to establish the "beginning’* of the sequence is needed* 
The clock is counted with n — 127 events. A scope, 
triggered every 127th dock, keeps the sequence in step 
and stationary' for viewing. The frame can be advanced 
or retarded by changing *W* to 128, or 126, for a mo- 
ment and then back to 127* The whole sequence may be 
made to “pass in review* 1 a bit at a time if large mul- 
tiples of the sequence length, like n = 12700 are used 
and V b shifted to 12701 or 12699, 

Range Calibration of Radars 

An example where delay by time or delay by events 
are about equally desirable is the range calibration of a 
radar set. Time delay using 6.167 (jl% per nautical mile 
could be used. However, handling multiples of this num- 
ber may soon become tedious. Consider then a gated 
delay line oscillator built to run at 16,215 MHz,® When 
turned on by the range gate (also turning on the Events 
Start Trigger) the events triggered are counted at the 
rate of 100 per nautical mile, a much easier number tc 
interpret. 

For radar and TDK type applications die one-way 
propagation time is often the more useful piece of 
information, A mode switch called NORM-ECHO is 
contained inside the 7D11, ECHO divides the lime 
clock by two. The readout isn’t altered, so the one- way- 
trip time is displayed directly while the time clock is 
doing the “out and back” computation for you. 

Front Panel & Interface Outputs 

As another customer benefit, the delaying interval — 
that time from the start of triggered counting until the 
time of the output delayed pulse — is applied to several 
places. This waveform is available at a front panel 
connector. With the exception of approximately 30 ns, 
the interval output is equal to the digital time delay 
read on the CRT. With the aid of the Fine Delay (ns) 
control, the JS30 ns may be added to its width making 
the delaying interval useful as a precision width 
generator. 

As long as the 30 ns delay is reckoned with by using the 
Fine Delay, any arbitrary width interval from 100 ns 
on, can be found. In the Events mode, the delay interval 
has the same turn-off lag as it did when it turned on. 
When “n” periodic events are counted, the delaying 
interval generates a width of n-I periods. 
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Delaying Interval Viewing 

The delaying interval is also made available to the main- 
frame, In the case where the 7D11 is used in a vertical 
compartment, a 'delaying pedestal” is generated on its 
vertical analog channel.' 1 *® When the vertical mode 
button for this channel is pressed on, and the time base 
and 7D11 are triggered in parallel, the pedestal display 
will show the start of delay at start of sweep— out to 
the selected delay time, 

As is customary with vertical plug-ins, provision is made 
in the mainframe to supply the time hoses with an in- 
ternal trigger* When a 7D1 1 is used in a vertical com- 
partment, it too provides a trigger to the interface path 
for time base triggers, Some of the examples in this 
article depict Lhc 7DI I in 3-hole mainframes using this 
path. 



INDEPENDENT or stand alone uses of the 7DU, when 
suitably triggered from an external generator, include 
prediion pulse width generator* synchronous divide by 
N generator, TDR fault locator, and long term electronic 
timer. Using Line trigger as the source of events, and 
the Events mode maximum capacity of 10 million, nearly 
46.3 hours of delay can be obtained 

Summary 

Digital Delay can be used in the casual delayed sweep 
applications obtaining an accuracy, linearity, and low 
jitter never before achieved Delay by Events gives 
jitterless displays that track with the clock jitter, drift 
and instabilities of the apparatus being observed. These 
and many other measurements are now available to 
oscilloscope users through the new capabilities and flexi- 
bility of the 7D11 Digital Delay Unit* 



Used in the “A" horizontal compartment of a 4-hole, 
7000 Mainframe, the 7D11 functions as a replacement 
for the delaying time base. The pedestal -like interval 
now is applied to the Z-axis by internal switch, to blank 
the B sweep. This is to create the useful st A intensified 
by B 3t display for locating the point in a waveform 
where delayed sweep is desired. As in sweep delaying 
plug-ins and monolithic scopes, a front panel switch 
permits you to select ll R starts after delay” (B5AD) ? 
U B triggerable after delay” (BTAD), or INDEPEN- 
DENT operation. 
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7D11 SPECIFICATIONS 



EVENTS DELAY 

Events Dalny flnngo — Om to 10 T ovenls, 

Dufay Increments — One ovonl, 

IPMftlcn Dfrlety— 35 ±5 ns, 

Recycle Time — L obs than GDD rta. 

Maximum Event Frequency — At least 50 IVHz 

TIME DELAY 

Digital Dalny Range — Normal Moth? 100 ns to 
is In 100 ns Incromonia. Echo Mode: 200 n a 
a 2 s In 200 ns Increments. 

Analog Delay — Continuously variable from 0 io 
at least 100 ns, accuracy wilhln 2 ns of Indf- 
saied delay 

Jitter With Internal Clock— 2.2 na or (delay Um& 
X 10- 1 ) whichever Is greater 

naorifon Delay— Zero within 2 ns, 

Recycle Time— Lees [ban 575 ns, 



Time Bflee — -500 MHz oscillator pha 
io Internal or external dock. 



locked 



Internal Clock — 5 MHz Cryelal oscillator. Ac- 
curacy Is 0,6 ppm. 

External Clock— 1 MHz w Uhl n 2%, AC coupled, 
50 a 



OUTPUTS 

Delayed Trigger Out^Amplltude: 2 V or gromer 
Into open circuit, 1 V or groalor Into 50 If. Rise* 
time Into SC 12 Load: 2 ns or less. Fall limn Into 
50 SI Load: 5 is or loss. Pulse wldlh 200 to 
250 ns. 

Delay imorirnl Out — Amplitude: 2 V or granter 

Into open circuit, 1 V or greater Into 50 ft. Rise- 
lima and Faflllmor 5 na or igss. Accuracy: 
Equal io Dolny Interval lose 20 to 30 ne. 



READOUT 

Display— 7Va digit with lending lum aupprus- 
aion. ms legend la Time Delay Mode. Plus 
( hi symbol reminds Itio operator' to odd on the 
FINE DELAY <m) setting. 
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Oscilloscope Group, ha was assigned the 7D11 project. Bob also teaches logic design In 
the Tek Education Program, and with his family enjoys camping, metal detecting and trea- 
sure hunting* 
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A PRACTICAL APPROACH TO 

DIFFERENTIAL AMPLIFIERS AND MEASUREMENTS 



In Part 1 of this ssrias wa examined the basic 
concepts of the differential ampfifier and the com- 
mon-mode rejection ratio (GMRR)* We noted 
that the main benefit attributed to the differential 
amplifier was its ability to reject the common- 
mode signal thereby allowing us to measure the 
desired signal in its true form. We also discussed 
sources of measurement error such as probes 
and source impedance differences. We will now 
address ourselves to the correct methods of mak- 
ing a differential measurement. 

MAKING THE DIFFERENTIAL MEASUREMENT 

PART II 

Ur rJ here am two basic forms of differential me as u re - 
' merits possible with an oscilloscope. The first is the 
conventional form of differential measurement between 
two electrical sources. The second is a differential com- 
parator measurement. This latter technique is a differ- 
ence measurement which compares an electrical poten- 
tial against a reference voltage thereby deliberately 
introducing a “common-inode 1 * condition* It is normal- 
ly referred to as the “slide back” form of measurement 
and is a form of the null balance technique commonly 
found in some types; of electronic measuring equipment. 

The Conventional Differential Measurement 

Oscilloscope manufacturers provide two means of mak- 
ing differential measurements by conventional methods: 

( 1 ) a differential amplifier, either as a plug-in or non 
plug-in with a dual beam or dual- trace display* 

(2) a dual-trace instrument, either plug-in or non plug- 
in with the differential measurement capability 
when the instrument is used in the ADDED dis- 
play mode* 

Fig. 1 shows these two forms. The table in Fig, 2 shows 
the features of these two types of differential measur- 



ing instruments. The table also shows the limitations of 
the ADDED mode technique* The ADDED mode tech- 
nique should riot be disregarded as an acceptable method 
for a differential measurement, Clearly its limitations 
lie in relatively poor CMR* It should be pointed out 
that many differential measurements do not require 
the exacting capabilities offered by a differential am- 
plifier, For example, the cancellation of the ripple 
component from an unregulated power supply can quite 
adequately be performed by the ADDED display mode. 
However, when measuring a small signal such as you 
might expect from some types of thermocouples or 
bridge configurations, large common-mode *signals can 
be a problem due to the limited GMR capability of the 
ADDED mode. 




Fig, I. Figure 1(a) shows a block diagram of the con- 
ventional differential amplifier * Figure 1(b) is a block 
diagram of the 4 ADDED " mode technique In which the 
outputs of GH 1 and CH 2 are added algebraically. 
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Fig, 2. Table showing the relative 
merits of a true differential ampli- 
fier and one using the "ADDED" 
mode technique. 



FEATURES 


DIFFERENTIAL 


ADDED MODE 


COMMENTS 


Typical CMRR 


Typically be- 
tween 10,000:1 
to 100,000:1 
Irani DC to 
1. DO kHz 


100:1 or greater 
at SO kHz (422 
Spec) 


Uelng the "ADDED” mode, CMR can be op- 
timized by connecting Channel® 1 & £ Inputs 
to a common source {calibrator) and adjusting 
Channel 1 or 2 GAIN for minimum CM display. 


Probes DMRft 
CornpenBRlable 
or matched tor 
CMRR 


YES 


NO 




Balances inpul 
Circuits 


YES 


NO 


With the "ADDED 11 mode, Input RC Input TC 
may vary within ±2% between channels. 


Input Ampllflere 
Phase Corrected 


YES 


NO 




High Sensitivity 


YES 


NO 


Typical for ’ ADDED" 5 mV/dlv (453A) 
Typical for different lei lOjW/dlv j?A22) 


High input 
Impodar ee 


YES 

Son Co mm Pins 


NO 

Nominal 1 mag- 
ohm input Im- 
pedance 


This loaturo Ja allher Bwltchablo fW unit) or by 
strap romoval, {7A22, 5A22N) 




Fig . 3 . A block diagram of a typical differential comparator. Notice whan 
the DISPLAY mode switch Is In the A — B position the unit becomes a con- 
ventional amptiflor. 



The Differential Comparator 

You will recall in Part 1 of this scries 
we stated that the differential amplifier 
appears in two basic forms: namely* 

the paraphase type and the push-pull. 

The only difference between the two 
is that the paraphase has one input 
referenced to a fixed potential — this 
is the basic form of the differential 
comparator. To make it useful* the 
fixed potential is replaced by a cali- 
brated variable DC supply which is 
called the comparison voltage (V t ) * 

Fig. 3 shows a functional block dia- 
gram of a typical differential compara- 
tor system, Notice that we can oper- 
ate this unit as a conventional differ- 
ential amplifier by simply switching to 
the A — B mode with the DISPLAY 
switch. 

Let's sec how we go about making a differential com- 
parator measurement. First, we establish a reference 
position on our display by grounding both inputs, Then* 
selecting the appropriate input (positive voltage source 
to the + INPUT* negative voltage source to the — 
INPUT)* we switch the other input to the comparison 
voltage (V c ) . Next, the comparison voltage is adjusted 
until the trace “slides back” to the reference position. 
What have we accomplished? Using the “difference” 
principle we have introduced a “common -in ode” con- 
dition in the form of the comparison vcltage; that is* 
the comparison input voltage now equals the signal 
input. We sec that vve now have the ability to mea- 
sure any potential whether it be DC* complex in na- 
ture* or a combination of both — such as a complex 
wave superimposed on a DC potential. Thus* wc have 
an extremely versatile measuring tool. Notice, however* 
it does not have the mechanism to reject any interfer- 
ing signal. 



From the practical point of view, we must recognize 
some limitation when making comparator measurements. 
In order to measure a large potential or a waveform 
which is superimposed on a large potential, it may be 
necessary to attenuate the input signal to within ac- 
ceptable limits to prevent damage to the input circuits. 
The first thing we must recognize is that the probes 
and/or attenuators, plus the comparison voltage circuits* 
will introduce an error by the amount they deviate from 
their true value. Simply stated, a resistance divider with 
a tolerance of ±0.1% will introduce that same error 
to our final reading. You must be aware of these limi- 
tations when making an absolute measurement with a 
differential comparator. These errors may differ from 
instrument to instrument so it is advisable to check 
your instrument manual for these details. 

DC OFFSET 

When making a differential measurement with a eon- 
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ventionai differential amplifier, we are often confronted 
with a situation whereby we have different DC condi- 
tions at the source of the measurement. Fig, 4 shows 
two typical cases, one involving a biomedical measure- 
ment, the other an electronic circuit measurement. In 
these cases we must ‘‘offset*’ one DC potential against 
the other and at the same time provide symmetrical 
input conditions to the differential amplifier. This is 
the purpose of the offset feature. Offset may be de- 
scribed as another form of “itidc back” whereby we 
“cancel out” the effect of DC unbalance, allowing true 
differential measurement with the benefits of common- 
inode rejection. 




Fig. 4. Two typical applications requiring the offset 
feature because of different DC conditions at the source 
of the measurement. 



Making the Differential Measurement 

Now let's look at some basic procedures to observe when 

making differential measurements, 

1) Check the gain of the amplifier using a known cali- 
bration source. When using a dual -trace amplifier 
in the “ADDED" mode you will need to check the 
gain of both vertical channels. Make sure both step 
attenuators are set to the same deflection factor 
and the VARIABLE controls are in the calibrated 
position, 

2) If the measurement requires the use of probes, the 
following points should be observed: 

a) Use only the probes recommended for the in- 
strument. 

b) Make sure the probes are properly compensated. 

c) If the probes are CMR compensalable such as 
the TEKTRONIX P6Q55, connect both probes 
to a common source (scope CALIBRATOR) 
and adjust them for minimum comm on -mode 
deflection. 

3) If the measurement requires the use of interconnect- 



ing cables between the signal source and the ampli- 
fier, die following rules should be observed: 

a) Make the cables as short as practical. 

b) Make both cables the same length and strive for 
symmetry in all respects, 

c) Gonnec: the cable shields as shown in Fig. 5(a). 

d) Avoid running the cables past known sources of 
interference such as electrical switchboards and 
the like. 

In a severe common-mode environment, the method you 
use to connect the signal source to the measuring in- 
strument may be the limiting factor between an accu- 
rate measurement and one you have to compromise. 
Improper use of ground leads may introduce common- 
mode loops or EMI into your measuring system. Fig- 
ure 5 shows the correct method of connecting to die 
signal source and some incorrect methods that are fre- 
quently used. 




Fig t 5. Figure 5(a) shows the correct method of con- 
necting the differential amplifier to the signal source. 
Figures 5(b) and ( c ) show the incorrect methods of con- 
nection often used , 

Summary 

Differential amplifiers vary in type and capability. 
Some are designed as true differential amplifiers from 
the input connectors to the output terminals. Some, 
such as the dual-trace unit operated in the ADDED 
mode, offer limited differential capability. Others pro- 
vide a calibrated DC voltage source for highly accu- 
rate comparison measurements. All are designed to let 
you make measurements that are difficult, if not im- 
possible. with single-input instruments. Selecting the 
appropriate differential amplifier and using proper 
techniques to connect the signal source are of equal 
importance in achieving accurate differential measure- 
ments. 

In the concluding article in this series we will discuss 
"guarded” measurements and other techniques that 
further enhance our measurement capability. 
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( /{rti Service Support Coordinator 



jt j J here arc five display units currently available for 
ilii the 5100-Series Oscilloscopes, These include single 
and dual beam units with conventional CRTs and their 
counterparts with storage CRTs, Much of the circuitry 
is common to all of the units m we will limit cur discussion 
to the DM Single Beam Storage Display noil iti the interest 
of brevity. 

The display units contain the CRT and its associated con- 
trols! the high voltage and 2-axis circuitry* calibrator, hori- 
zontal and vertical amplifiers, and in storage units, (he 
storage circuitry anc controls. 

The modular type construction used in the 5100-Series 
Oscilloscope system is a boon to the service technician as 
it provides a c|uick meaas of isolating problems to major 
components. For example, if you suspect trouble in the 
indicator unit* it can be quickly checked by operating the 
oscilloscope without the plug-in units installed. Under 
these conditions a defoeus**! spot at or near the center of 
the CRT should be obtainable if the unit is working prop- 
erly. The intensity of the spot should be adjustable with 
the INTENSITY control. 

If, upon turning up the INTENSITY control, no spot is 
visible, press the BEAM FINDER button. If the problem 
is in the deflection amplifiers, the spot should appear some- 
where on screen. Its position should point yon directly 
to the vertical amplifier, horizontal amplifier or both. 

Let's consider a situation in which the spot appears to the 
left of center screen when the BEAM FINDER is pressed. 
It would be helpful at this point to install an amplifier 
plug-in in both the vertical and horizontal compartments 
of the scope. If an amplifier is not available for the hori- 
zontal compartment, a time base will do. Now press the 
BEAM FINDER button and note that the position of the 
spot is still to the left of center screen. Flare a shorting 
lead between the bottom leads of R123 and R133 'refer to 
the Deflection Amplifier/ High Voltage Board Parts Loca- 
tion Grid in the manual). If this produces no change in 
the spot position, interchange Q124 and Q134, If the spot 
position reverses, Q134 should l>e suspected of being open. 
If there is no change, interchange Q126 and Q136. This 
should reverse the spot position. If to, QI36 is probably 
open. 

Should these procedures foil to locate the problem, it will 
\k necessary to investigate the passive components associated 
with the active devices just discussed. 

Problems in the vertical amplifier can be located using the 
same technique. 



The High Voltage Supply 

The circuitry for the high voltage supply is shown in the 
CRT circuit diagram in the manual* The high voltage oscil- 
lator consists of Q252 and the primary windings of T240, 
The lower primary winding provides the necessary feed- 
back for the oscillator. The drive to the oscillator Is reg* 
ula ted by Q262, Q264, Q278 and their associated compo- 
nents. 

You will notice that the CRT grid supply is referenced to 
the 2-axis amplifier consisting of Q222, Q226 and Q234. 
Therefore, the Z-axis amplifier must be working properly 
if we expect to control beam current properly. 

High voltage malfunctions are readily apparent at the CRT 
faceplate and usually result in one of two conditions- 

1) No Intensity. 

2] Maximum intensity, unaffected by the INTENSITY 
control or Intensity Range control. 

Let's troubleshoot the high voltage circuit assuming we 
have the first condition, no intensity. Caution should be 
observed when troubleshooting this area as dangerously 
high potentials may exist in the CRT circuitry. 

Measure the CRT cathode supply (— 3400 V) at the ILV. 
Test Point* If it is not present* the gate of Q278 will rise, 
pulling the source with it until GR264 conducts. The source 
of Q27B should measure about 0.6 V. This condition will 
cut off Q264, which in turn cuts off Q262. GR262 will be 
reverse biased. This condition should provide maxi mum 
drive to the base of the high voltage oscillator Q252, If 
you can verify these conditions within the regulator cir« 
cult, you can assume it is functioning normally. 

The next step is to check the voltages supplying the high 
voltage oscillator . You may find the collector voltage of 
Q252 is at — 38 V. This would indicate a blown fuse in the 
}-4fl V supply. The fuse is located in the 5103N mainframe. 

The Z-Axis Amplifier 

If the CRT cathode supply is normal and you have no in- 
tensity or intensity control, cheek the voltage at the CRT 
control grid. That voltage should be about — 3450 V, Watch 
the CRT faceplate while measuring the control grid volt- 
age. If the beam appears but the intensity is not adjustable, 
the reference for the control grid supply is incorrect and 
you are providing a source through your voltmeter. 

Next* check the voltage at the collector of Q226, It should 
be about -(-65 V with the INTENSITY control clockwise. 
If the voltage at that point is negligible, check the current 
source transistor, Q234. If the voltage at the collector of 
Q226 ts high {+$5 V or more), the beam current will be 
at maximum and not adjustable. You should suspect Q226 
or Q222 or their associated circuitry as being defective. 
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The Storage* Circuitry 

Now let's take a look at the storage circuitry. Storage tube 
characteristics have a tendency to change with age. What 
appears to be a defective unit may only require calibra- 
tion to restore it to normal operation. Here is a quick and 
easy procedure for setting up the storage controls. 

With the power off, insert an amplifier plug-in and time 
base plug-in in their respective compartments in the main- 
frame, Remove the right side cover and locate ihe storage 
circuit board near the front of the instrument. Now perform 
the following steps; 

Pull the POWER switch to on, 

' Obtain a trace using a 1-ms/div sweep speed. The 
trace should be sharply focused, 

■ Rotate INTENSITY full ccw. If the writing beam 
cannot be fully extinguished, push the BEAM FIND- 
ER switch and adjust the Int Range control (R245) 
until the trace is just visible. Releasing the switch 
should result in no visible trace. 

I Push the STORE button* to the in position, Push 
both ERASE buttons at the same time to the in posi- 
tion. 

5. Measure the voltage at TP£. (See Fig. 4-1 In the 
D11/D15 manual,) You should read -(-370 V. R387 
should swing that voltage about ±5V, If this can- 
not be accomplished, turn the instrument off, Now 
check the insulated heat sink jackets (black) on 
Q362, Q3G4, Q372, Q392 and Q39G, Access to these 
is accomplished by removing the large heat sink plate 
at the rear of the instrument. Apply power to the 
instrument and check to see if any voltage is present 
on the top portion of the black heat sink jackets. 
Those sh owing any voltage reading should be re- 
placed as they will im properly load the +370-V sup- 
ply. Reinstall the large heat sink plate. 

If the +370-V supply is still abnormal, measure the 
drop across GR367. This is a protection diode and 
should not be conducting during normal operation. 
If the diode is in its /cner mode (about 34 V), Q386 
is probably defective. 

fi. With the +370-Y supply operating properly, slowly 
increase the trace intensity and write the end re screen 
positive by slewing the trace vertically several times. 
If the trace cannot be stored, rotate the Store Level 
control cw until storage is possible, If storage still 
cannot be accomplished, check the voltage ai TPI. It 
should be abouL -(-125 V, If it is abnormally high, 
check Q35G and Q358, If that point is unusually low, 
check Q3G2 and Q3S4. The STORE LEVEL con- 
trol R350 should awing the voltage at TPI from about 
+20 V to +290 V DC, 

Now turn the BRIGHTNESS control clock wise. Once 
the CRT screen is fully written, adjust R390 (CEl) 
fully ccw. The display should resemble that in Fig. 1, 
Note that at the point where the screen fills com- 
pletely, the corners will begin to darken. Hie final 
setting of R390 should be at a point between full 
screen and the appearance nf dark corners. See Fig, 2, 



If a display similar to Fig, 2 cannot be achieved, 
check the voltage at TP3, It should swing from 0 
to +200 V when R390 is rotated through its range. 
Ideally the voltage should read +50 V, £5 V. 

Another point to check is the waveform present at 
pin l (►) of P389, This should be a 120-H‘z saw- 
tooth about 15 V in amplitude, Any irregularity in the 
waveshape would indicate a defective bridge, CR329* 

Adjust Non -St ore Level (R395). Write the entire 
screen positive. Release UPPER STORE switch and 
note that the upper screen background glow disappears 
quickly (less than I sec). Adjust Non-Store (R395) 
to insure proper upper screen background fade rate. 
Half-screen storage should resemble Fig, 3. 

If proper storage fade rate cannot be accomplished, 
measure pin #6 of the harmonica connector at the 
upper right hand corner of storage board. This should 
be HO V ^1,4V. If Q39G is defective (he,, open) 
the display will appear as in Pig; 4. 




Fig . 1 , Typical stored display with R39Q, CEl set iuU 
counterclockwise. 




Fig , 2. Typical stored display with R390 t colflmaflon 
electrode control properly adjusted , 
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Fig. 3, Typical ha ft -sc wen stored display . 




Fig , 4, Stored display resulting from improper hood 
gun anode voltage due to open Q39Q. 

H, Adjust Store Level R350. Push store switches to 
"out” (non-store}. Set TIME/DI V to 0,2 msec, Feed 
a 1 ,5 -kHz sine wave signal into the veiLica! input and 
set the amplitude for 3.2 div of deflection. Trigger 
the sweep and adjust INTENSITY to a point where 
the trace just starts to defocus* Readjust the focus 
for a sharp trace. 

Set the lime base Sweep Mode to Single Sweep and 
erase the stored display. Alternately store and erase 
single sweep* while increasing the sine-wave generator 
Frequency in small increments. Allow about five 
seconds after each erasure before writing another dis- 
play. Adjust the frequency to the highest rate that 
will permit the vertical transitions of the sine wave 
display to .More anywhere on the center 6 x 8-divtsicm 
area nf the screens* with no more than a 50% loss 
in luminance, or with the breaks in the trace not 
exceeding 0.025 inch. This is the maximum writing 
speed (if the CRT, 

Maximum writing speed is calculated as follows: 



Writing speed (in divisions/sccand x= 



2tt F V P ,i . 
2 ; 



substituting the display amplitude of 3*2 divisions 
for Vi. j>> the expression is reduced to 
Writing Speed ~ 10 X F. 

Thus, for example, if ihe sine wave generator fre- 
quency is two kilohertz oj greater, the maximum writ- 
ing speed of the CRT is 20 divisions/millisecond 
(20,000 divisions/second) or greater. 



The writing speed should be >20 di visions/ nuilUec:- 
ontl for the Dll, >200 division s/m till second for the 
D15, 

Note; It may be necessary to repeat this step with 
a slightly higher trace intensity or store level* 



As the storage tube ages, its ability to store diminishes. 
This effect is first apparent in the center screen area. 



D. Store Balance (R370). Measure the DC voltage at 
TP1. Probe TP4 and adjust Store Balance (R370) 
to a voltage identical to that at TPl. 

Inability to adjust R37Q properly could be caused by 
Q372 being defective or possibly the 11Q-V zener 
diode VR370 failing. A quick check of stoic balance 
would be to check background level differences be- 
tween erase s< in” and "out” positions* 

10. Sensitivity Correction (R385), Obtain a display of 
exactly 6 div of sine wave at 1 kHz (non-store). 
Switch to Single Sweep and push in both STORE 
buttons. Store a trace and check for exactly six divi- 
sions of signal. If the amplitude of the stored display 
differs from the nan-stored display, adjust R385 while 
displaying the sine wave alternately in store and non- 
store. 



Summary 

This information pretty well covers l he majority of possi- 
ble trouble spots related to ttie 5100-Scriea display units, 

Even though the situations were hypothetical, an attempt 
was made lo familiarize the technician with the circuitry, 
and offer quick uncomplicated checks which in the long 
run reduce down time, 

Most technicians will agree that the best troubleshooting 
aid fa a good circuit description. '(& 
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TEKSCOPE Classified Ad Supplement 



INSTRUMENTS FOR SALE 




555/E/ (2) L, cart & probes, $3000. 
Lawrancc F. Buckland, Inforonics, 
Inc., Maynard, Mass. (617) 897-8815. 

RM564/3A6/3B3. C. T. Nottingham, 
6024 Pulaski Pike, Huntsville, Ala. 
35810. 

5103N/D10, 8 mos. old. Henry Liu, 
Quantum Dynamics, Inc., 19458 Ven- 
tura Blvd., Tarzana, Ca. 91356. (213) 
345-6828. 

453 A (6), 545B/1 A2/C-27, all w/ 
carts. Howard Player/Jim Jacks, 
Computer Micro-Image Systems, 7825 
Deering Ave., Canoga Park, Ca. 
91304. (213) 340-0300. 

S4 (2), $650 each. Ken Olive, 415 
Rainier Ave. North, Renton, Wash. 
98055. (206) 228-2000 or 772-1800. 

R520, $1950; R140, $1550; RM529, 
$1175; 015-0062-00 TV Sync separa- 
tor, $75. All like new. D. G. Butz, N. 
J. Communications Corp., Kenilworth, 
N. J. 07033. (201) 245-81 

5A18N. Bruce Gicsscl, Box 14168, 
Houston, Tex. 77021. 

Telcquipmcnt D54, Exc. cond., Ben’s 
TV, 1105 Cedar, P.O. Box 116, Ban- 
dera, Tex. 78003. (512) 796-4567. 

545-SI, 53/54K, 53/54D, & a new 
202-1. Entire pkg. for $625. Jim 
Ey tails, Rockford Electrical Engi- 
neering Co., 2408 Paradise Blvd., 
Rockford, III. (815) 962-1169. 

515A, $450. Robb Warner, Profes- 
sional Electronics, (801) 277-0200. 

Telequipmcnt S51 (5), $500 for 

whole batch. Dr. F. McGuigan, Hol- 
lins College, Hollins College, Va. 
24019. (703) 362-6531. 

Q, $150; 127 power supply, $300; D, 
$100. Dr. L. Jerome Krovctz, CMSC 
504, The Johns Hopkins Hospital, 
Baltimore, Md. 21205. 

453 A mod 127C, $1850. Carl Amato, 
39 Wyckhain Rd., New Shrewsbury, 
N. J. 07724. (201) 542-2962. 

516, $700. Stanley Kawalerski, Sun- 
tronics, 6832 W. Archer Ave., Chicago, 
111. 60638. (312) 586-9300. 

P6046 Diff. Probe w/Amp., $600. 
Bob Waters, (919) 292-7450, Ext. 62. 



INSTRUMENTS FOR SALE 

310A, Probes (3), best offer. Tom 
Wichl, Maron Bronze Corp., 2500 
Plainfield Ave., Scotch Plains, N.J. 
07076. (201) 232-0495. 

453, 7403N/7A18N/7B53. Bob Ste- 
vens, Vector General Corp., 8399 To- 
panga Canyon Blvd., Canoga Park, 
Ca. 91304. (213) 346-3410. 

545/L/M and 500/53A Cart, $900. 
Walt Harbcrs, Western Co., P.O. Box 
186, Ft. Worth, Tx. (817) 737-4041, 
Ext. 279. 

Telequipmcnt S54. Jack Canton, Riv- 
erside Press, 4901 Woodall, Dallas, 
Tx. (214) 631-1150. 

516 w/PoIaroid viewer & cover, $650. 
William D. Kracngel, Jr. 65 Sunset 
Rd., Valley Stream, N.Y. 11580. 

Telequipmcnt TLD67, (2) 10X 

probes. Lome D. or Hazel J. Kruse, 
E. 17611 Appleway #2, Greenacres, 
WA 99016. (509) WA4-7374. 

453, Exc. cond. Bernard Terrill, 8 
E. Rochester Rd., Ottumwa, la. 52501. 
(515) 684-8707. 

491. Carl Prufer, California Micro- 
wave, 455 W. Maude Ave., Sunnyvale, 
Ca. 94086. (408) 732-4000. 

R116, 317, 453, 545A, 547, 549, 555, 
567, 575, 58 1 A, 585A w/pW-ins. T. 
J. Bruckner, Infotrac, P.O. Box 151, 
Livingston, N. J. 07039. (201) 267- 
6560. 

561A, 3A75, 2B67. Gil Weinstein, 32 
Van Vleet Court, Clifton, N. J. (201) 
471-3878. 

515A, $345. Exc. cond. Richard 
Demers, 10355 Wells Ave., Riverside, 
Ca. 92505. (714) 689-8652. 

RM45A/CA/D, $650. Scott Stever, 
44 Camden Place, Corpus Christi, TX 
78412. (512) 991-4688. 

5241), $325. Exc. cond. Ken Woolf, 
Photo-Sonics, Inc., 820 S. Mariposa, 
Burbank, Ca. 91504. (213) 849-6251. 

535A, 545A, 53/54G, D. Peter Kar- 
vellas, Valparaiso Univ., Dept, of 
Psychology, Valparaiso, Ind. (219) 
462-3059. 

107 Sq. Wave Gen., $150. Exc. cond. 
Alton P. Witt, Jr., Quality Medical 
Electronics, 2291 Austell Rd., Suite 
104, Marietta, Ga. 30060. (404) 432- 
3308. 

P6015 HV Probe, $150. Exc. cond. 
John Zielinski, Spitz Laboratories, 
Chadds Ford, Pa. 19317. (215) 459- 
5200. 



INSTRUMENTS FOR SALE 

532/53B, $600, best offer, or trade. 
David W. Lo 1 V! liaise) 

#2, Portland, Ore. 97230. 

RM35A/CA, $650. T. E. Prescott, 
1798 Rocky Creek Rd., Macon, Ga. 
31206. 

661/4S1/5T1A, $1350. Exc. cond. 
Rapido, 412 S. Anaheim Blvd., Ana- 
heim, Ca. (714) 956-3555. 

561 A/3B5/3A5, $1800 or make offer. 
A I s TV Clinic, 1696 San Leandro 
Blvd., San Leandro, Ca. 94577. (415) 
483-4330. 

RM515. Ed Wong, Clinical labora- 
tory, S. F. General Hospital, (415) 
648-8200, X405. 

1S1, $600; P6045 (2), $190 ea., R. 
Perelman, Datac, Inc., 1773 S. Taylor 
Rd., Cleveland, Oil 44118. (216) 

371-5577. 




INSTRUMENTS WANTED 

5A14N, Bruce Gicsscl, Box 14168, 
Houston, Tx. 77021. 

3A6, 3L5 plug-ins, any cond. Don 
Campbell, James Development Co., 
2971 Deckebach Ave., Cincinnati, Oil 
45220. (513) 751-6197 or 872-4721. 

422 & scope camera in good cond. 
Carl W. Rccd, Dakota Medical Sys- 
tems, Inc., 503 1/2 N. 7th St., Fargo, 
N.D. 

503. Steve Kaplan, Dept, of E.E., 
Computer Science, Rm 367 Cory Hall, 
Univ. of Calif., Berkeley, Ca. 94720. 

1L5 & 132 w/sweep freq. converter. 
Bruce I latch, Sound Genesis, 445 
Bryant St., San Francisco, CA 94107. 
(415) 391-8776. 

Type T Plug-In. Mr. Sawyer, Elec- 
tronics Dept. Winona Area Voca- 
tional-Technical School, 1250 Homer 
Rd., Winona, Mn. 55987. 

Type 82 Plug-In, any cond., T. E. 
Prescott, 1798 Rocky Creek Rd., 
Macon, Ga. 31206. 

321 A, want (4) in operable cond. 
Tim Mcdric, Goodyear Aerospace, 
1210 Massillon Rd., Akron, O. 44315. 
(216) 794-3035. 
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A new way to look at transients 




Carlo Infaille 
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r TPhe display and analysis ol fast* single-shat pulses has long Ijeen one of 
the most challenging problems in osdlfognijihy. These pulses result 
from meastnemeub in a wide variety of fields such us laser research, nuclear 
research, computer design am! service, stress analysis of components, and 
others. In the past, the only way to view fast transients, which may !>e a 
nanosecond or less in duration, has been to use an oscilloscope with a viewing 
hood or the very best scope /camera combination. These methods have been 
quite successful as proven by the many thousands of TEKTRONIX oscillo- 
scopes in installations of this kind, but there are some obvious disadvantages 
One is the need to dark-adapt one's eyes before attempting to view a last 
transient. Another is the time required to develop and analyze the photograph 
containing the waveform. Still another is the expense and inconvenience of 
using film, particularly when the waveforms need to be digitized for computer 
processing. Many ol the present methods for digitizing waveforms from film 
involve hand processing with resultant time-coimiiiiiiig delays and | Risibility 
for errors. 

The TEKTRONIX R7 ( J12 Transient Digitizer solves these problems in a 
unique and novel way, and in addition, provides features not available on 
earlier instruments. 1 he functions of writing and reading; which in a normal 
oscil osco|>e arc carried out by the same CRT beam, are accomplished by two 
separate electron beams in the R79I2; waveform display is handled by a third 
beam in an associated monitor. This allows optimizing die design of each 
function to achieve the overall goal of large, bright, high-resolution waveform 
displays* The waveform can be displayed on a TV monitor such as the 
TEKTRONIX 1132 to provide a bright, large-screen display easily viewable 
in rcom~anibicm light; equivalent photographic writing rate in this mode is 
30,000 div/jis. In addition, the waveform can l>e automatically digitized; he., 
the waveforms are processed into a computer-compatible format so they car 
he analyzed by a computer. Or, if desired, the waveforms can be stored in a 
self-contained memory (optional) and displayed on an X-Y monitor; an 
equivalent stored writing rale of 8,000 dtv/ps can lie achieved with no limita- 
tion on storage lime. (If display area js 8 by 10 centimeters stored writing 
rate is equivalent to 8,000 cm//ts.) 

Instrument Description 

Fig. I shows a block diagram of the instrument. The wilting section of the 
R7912 is similar to a conventional oscilloscope, f he input signal h acquired, 
conditioned, and amplified by vertical plug-ins from the TEKTRONIX 
7000-Sertes family. Any of the 7A-Seiie$ plug-ins can be used, allow ing a wide 
choice of vertical capabilities from high gain (a s low as 10 ^V/div with the 
7A22 Differential Amplifier) to maximum bandwidth (1 (1Hz with the 
7A2IN Direct Access Unit) Horizontal sweep and sweep gate are generated 
by a TB-Serics time base plug-in. 
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The input signal is applied to the CRT writing gun. 
Design and operation of die CRT is described in a 
special feature section of this article, The waveform 
written on the target by die writing gim is read out by 
the reading gun. With the instrument operating in the 
NON S' TORE mode, the reading beam scans the target 
linearly in a TV format and operation is quite similar 
to that of a conventional TV camera. Each time the 
reading beam crosses a written point, a small current 
pulse is generated in die target lead. This pulse is ampli- 
fied and processed to provide the video output signal. 

Synchronizing signals for the Read System and the 
associated video monitor are generated by the Sync 
Generator* The X and V Ramp Generator and Scan 



Amplifier produce the waveforms required to drive the 
X and V deflection plates of the Read System* 

In the DIGITAL mode, the read sequence is changed 
while the write sequence remains as already described 
In this mode, the target is scanned in steps in ei 512 by 
512 matrix rather than linearly. Also, last scanning oc* 
curs vertically in the DIGITAL inode which is opposite 
to the NON STORE mode where fast scanning is done 
in the horizontal direction as in conventional TV. 
Fig. 2 illustrates these two scan modes using simplified 
waveforms and scan lines* The NON STORE mode, 
being similar to conventional TV, will not he ex- 
plained further here* 
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Fij^. 2. T Jirgct »m lining inodes, 

Verticil] scanning is used in the DIGITAL made due 
to the nature of the waveforms normally digitized. 
Notice that [or the simplified scan showt: in Fig. 2\\ f 
each vertical scan line intersects the waveform only 
once En this mode, addresses of points on die target are 
transferred and stored in memory only when a trace has 
been written at that point on the target. This results in 
the fastest readout oL information needed to define a 
waveform, and requires less storage spate in memory 
for the waveform In actual operation, the trace is 
several samples wide ami circuitry is incorporated in 
lire instrument to reduce tire amount of information 
which must lie communicated to define a trace. I he 
counters and logic circuits req uired for digital opera- 
tion are contained in die Logic circuit. The optional 
Memory allows waveforms to he stored in the DIGI- 
TAL mode for later transfer to a computer, or for 
display on a storage display unit through a display 
interface. 

The R7SI2 uses the CRT READOUT SYSTEM 
pioneered in the TEKTRONIX. 7000 Series to display 
measurement parameters along with the waveform. 
These characters are written on the diode target by 
the writing beam on a time-shared basis and become 
part of the output signal in the NON STORE mode, 
An optional converter is available for use in the DIGI- 
TAL mode to take the readout information directly 
from the plug-ins and convert it into an ASCII coded 
format which becomes part of the data communicated 
to the computer. 

The optional Electronic Graticule Generator pro- 
duces a dot array similar to the graticule on a conven- 
tional oscilloscope CRT. The electronic graticule is 
written on a time-share basis with the input signal and, 
like the CRT READOUT signal, becomes part of the 
output signal from the Read System. I his electronic 
graticule eliminates parallax associated with overlay 
graticules and minimizes errors due to non-linearities 
nr drift in the amplifiers or CRT deflection system. 

Novel Circuitry — The Key to Performance 

As you would expect in a state-of-the-art instrument, 
many novel circuits make up the R7912* I hesc include 
a highly stable 10 kV power supply, cn electronic 
graticule generator, low-noise amplifiers, and unit] tie 



logic circuits. Let's look at several of these circuits in 
more detail. 

Ramp Generator. A block diagram of the Ramp Gem 
era Lor is shown in Fig. 3. Two of these circuits are used 
in the R7912; one for the vertical and one for ihc hori- 
zon tab In the NON STORE inode, the Integrator gen- 
erates a highly linear ramp (waveform A) whose ampli- 
tude L pre< isely set by two stable discriminators which 
define the upper and lower end points of the ramp. This 
waveform is synchronized by the action of the Phase 
Detector which compares the end of the ramp with the 
sync pulses. If there is an error, it changes the timing, 
or charge current, of the integrator to insure proper 
timing. 
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In (lie DIGITAL mode, 5- MHz dock pulses are con- 
nected lo a Single-Shot Multivibrator and to a h- 512 
Counter. Each time the Multivibrator fires, a small 
amount of current is injected into the Integrator, re- 
sulting in a step at its output. The voltage of the output 
step remains stationary during the Multivibrator's 
quiescent period. After a number of ramp and hold 
steps have been accomplished, die Upper Threshold 
Discriminator resets the End-0 f-Ranip Flip Flop caus- 
ing the Integrator to reset. The circuit is then ready 
to produce a new staircase waveform. The output of 
the Eml-OI'-Ramp Flip Flop and the 4-512 Counter 
are compared by the Phase Detector. If these pulses do 
not occur simultaneously, a correction signal is gen- 
erated by the Phase Detector and the charging current 
of the Integrator is suitably adjusted. In this fashion, 
the Phase Detector insures that precisely 512 steps arc 
generated For each vertical or horizontal scan, resulting 
in a stable digitized waveform. 

One of the features ol this circuit is that the period 
of the staircase can be changed without affecting the 
accuracy of the staircase. Thin occurs in the operation 
of the R7912 when a point is addressed on the target 
where a waveform has been written. Normally, the 
staircase holds at each step for about 100 nanoseconds 
while the signal on the target lead is checked for a 
change in stale since the previous sample. If there is no 
change, the staircase is advanced to the next step. Mow- 
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T he outstanding performance of (he K7912 is due. in 
large part, to the TEXT RON iX-devetoped scan-con- 
verter tube forming the heart of the system. Fig, A shows a 
drawing of the tube along with a photograph of the final 
product* The tube is double-ended with the write gun and 
read gun facing each other axially* These guns and their 
associated deflection structures are separated by the target, 
where sain conversion occurs, The design parameters of 
die lube were optimized by means of a computer program 
to provide the best trade tills m gun structure and acceler- 
ating potential for the required resolution and scan area 
at the target , 1 

Thu input signal fmm the vertical amplifier is applied to 
the high-frequency delict lui which consists of two helical 
delay lines assembled into a balanced deflection system. 
Thu entire writing-gun structure is operated at —10 kV 
to provide small spot size and fast writing rale. 

The target consists nj an array □! diode junta ions formed 
on a silicon wafer using integrated* hunt techniques. Fig, 
B shows a detailed view of the silicon target, A density of 
HOOn diodes per inch yields the desired resolution for the 
14'hy-!}4‘incli scanned area. The center lK75-inch diameter 
of the target is thinned to about 10 microns to facilitate 
operation in dm double-ended mode (by comparison, the 
ddekness id this page is about 1(H) microns) , 

The read gun produces a low -velocity electron beam with 
minimum shading and good resolution. Shading is caused 
by oil-normal landing of the beam on the target and re- 
sults in errors in the readout signal* This is particularly 

'For a complete discussion of the design com: durations that 
went into I lie CRd for the R 79 III, refer to "Storage Tube With 
Silicon Target Capo ires Very Fast 1 iambi us“ by Raymond 
Haves, Robert G. Cmiei\and Kenneth W, Hawk eii. A/eemnuo, 
pp, £17-1(13. August m I EI7B. 



objectionable in a precision measurement instrument such 
as the R7912 and becomes even more of a problem when 
the output signal h converted into digital form (see Fig. 
C). 

To accommodate die variable scan rates required of this 
i muniment, electrostatic deflection was chosen for the 
read gun rather than the electromagnetic methods nor- 
mally used for vidicom, However, if electrostatic focusing 
is used along with electrostatic deflection, poor shading 
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diaratTemtus result. To solve these problems, a hybrid 
design w m developed consisting of an electrostatic deflec- 
tion system surrounded by an axial magnetic locus Eng 
field. The deflection plates actually consist ol a cylindrical 
electrode pattern photo-etched on die interior wall of die 
tube {see Fig. A), The axial magnetic field is provided by 
an external solenoid. This con figuration is called a defleo 
tron deflection system.* 

As the reading beam is scanned across the target* it charges 
the target negatively towards the read-gun cathode poten- 
liid and the target diodes arc reverse biased. High-velocity 
electrons from the write gun bombard the back of die 
target, creating elec tron- hole pairs which diffuse through 
the target. This causes the diodes to conduct and discharge 
in the written area. When the reading beam next scans 
the written area, it recharges the diodes, producing a 
signal current in the target lead. Amplification and proces- 
sing of this signal provides the video or digital output 
signal. 



d or a complete discussion ol the (Idled roil system, arc "L.let 
(run Trajectories in Twisted Fleet mtu lie Deflection Yokes" 
by IT F„ Ritv. IEEE TstimtuiUtm on Eteriranir Divirrs* No* 
veinber IEI?3, 





ever, when a change is detected, the staircase holds at 
this step for about Lb microseconds to allow time for 
the address of this data point to be transferred to the 
computer or stored in memory. As a result, each stair- 
case may have a different duration since the number of 
these pauses for address transfer will vary depending 
on the nature of die waveform written on the target. 
In a conventional feedback-stabilized circuit, this 
would result in timing variation and an inaccurately 
digitized waveform. To prevent this, the dock input 
pukes are in ter rup ted during the address communica- 
tion time. Both the Single-Shot Multivibrator and tile 
-r 512 Counter remain inactive until the dock resumes. 
Highly stable circuitry in the Integrator holds the step 
level very constant during the pause, 1 lie overall result 
is that when normal operation resumes, the outputs of 
the End-QI-Rnmp Flip-Flop and the 4* 512 Counter 
have been delayed by the same amount of time. There- 
fore, no error signal is generated at the input of the 
Phase Detec tor and the ramp generator remains stable 
and phase locked even though the period of the stair- 
case has changed. 

Each of the vertical and horizontal steps has a BCD 
coded address associated with it which is stored in the 
optional memory or transferred to a computer when 
valid waveform data is detected on the target, Both a 
vertical and a horizontal address is required to define 
a point on the target. Since the dot raster is a 512 by 
512 matrix, there are over 250,000 addressable points 
on the target. The average waveform normally requires 
about 1500 points for complete definition. However, 
under some conditions sui h as dual- trace operation, two 
waveforms may be stored in memory simultaneously, 
To provide adequate storage, a *1000- word memory has 
been provided as an option for the R7912, 

Electronic Graticule, Another interesting circuit is t lie 
Electronic Graticule Generator as shown by the block 
diagram in Fig, L This circuit generates ail of die in- 
formation needed to write the graticule on the target, 
along with die waveforms and readout. At the end of 
each sweep, this circuit h activated to begin producing 
the graticule. The master dock signal provides a pre- 
cise reference for accuracy; all output signals are de- 
rived from the dock. 

The electronic graticule is defined on the screen by a 
series of dots 0.2 division apart foi the minor divisions 
and I division apart for the major divisions. When the 
electronic graticule is activated, fast ramps are pro- 
ducer! in the vertical direction. Since the first ramp at 
the left side of the graticule must define both die major 
and minor divisions, (1 dots must be displayed to pro- 
duce eight major divisions. During til is ramp the master 
dock input is connected directly to Lite Dot Multiplexer 
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which produces one Z-Axis intensifying pulse for cadi 
dock input. 

The Verticil Hoi Con liter (-5- 15) produces an out- 
put alter 45 dock pulses, which serves as a reference to 
the phase-locked Vertical Integrator* Operation of this 
ramp generator is similar to the Ramp Generator de- 
scribed previously* As tile vertical ramp is reset, it trig- 



gers the Horizontal Staircase Generator which moves 
the next trace one step or (1*2 division to the right. At 
the same time, the output of the Major Division 
Counter (4- 5) changes state* causing the Dot Multi- 
plexer to switch from the direct vertical dots input 
to the Vertical-DotS'Divideil hy-S Input. During this 
vertical ramp* a dot is displayed every fifth dock pulse 
to define a major division* 



MASEEH 

CLOCK 



SWIU GATE 

GRATICULE 

DiSAILE 




r*K- -l. Block diagram if Elect runic Graticule Generator 





Fig. 5* Performance of R7912 (top 
waveforms] compared to fastest ton- 
vxiubnat ondlkuope (bottom wave- 
forms) . No waveform is shown for the 
con veil Hemal ostflloscnpc at 2,4 GHz 
since it could not display this signal. 
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Three more vertical rumps are generated in Um 
manlier. Then* die output ol the Major Division 
Counter switches so that dots are again displayed every 
0,2 division. Action continues until the graticule is 
complete. When the Horizontal Counter (“ II) has 
received 1 1 inputs from the Major Division Counter 
(+ 5) the graticule is complete and it resets the Grat- 
icule Gating Flip Flop. This action turns off the Grat- 
icule Control block and halts operation ol this circuit. 
About four milliseconds are required to write the com- 
plete graticule. 



The Proof Is In The Performance 

Performance ol die instrument is best shown by the 
accompanying photographs. Fig. 5 shows continuous 
si ire wave signals as displayed by both an R70I2 Tran- 
sient Digitizer/TV monitor (NON STORE mode) and 
a TEKTRONIX 7001 Csd l lost ape. Identical plug 
ins were used lor both measurement systems. Fig. 6 
shows the reconstructed display of a single pulse that 
was digitized by the R7D12. The digital information 
was led to a computer through the instrument's op- 
tional memory and interface circuits. It was then re- 
constructed and displayed on a TEKTRONIX storage 
display monitor. 
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Fig, ti. Digitized wave Form, rccoti 
imuctcil ami displayed on 4 TEK- 
TRONIX liUS Storage Monitor, 
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O ne picture is worth a thousand words. And some- 
times even a thousand words can’t adequately 
convey the information. We might paraphrase this to 
say, “One waveform displayed is worth a thousand volt- 
meter readings.” And sometimes even a thousand volt- 
meter readings can’t adequately portray the waveform. 
It’s true, however, that often a picture, or waveform, 
doesn’t tell the complete story. The addition of a few 
words, or figures, can impart a lot of valuable informa- 
tion. 

The introduction of the TEKTRONIX 7000-Series 
Oscilloscope with CRT READOUT brought us the 
powerful measuring capability afforded by displaying 
both waveforms and alphanumerics on the CRT at the 
same time. To many, this seemed to be merely a con- 
venience for recording deflection factors along with the 
trace when photographing the screen. It has proven to 
be a convenience— and much more, for it has broadened 
the role of the oscilloscope to include counters, DVM's, 
computer-aided measurements and the like. Now a new 
analog-to-digital converter plug-in for the 7000-Series 
adds several highly useful measurements to your oscillo- 
scope’s repertoire. 

The 7D12 Plug-in 

The 7D12 A/D Converter plug-in is designed for 
use with any 7000-Series Oscilloscope containing CRT 
READOUT. The unit consists of two basic sections: the 
plug-in mainframe, which contains a fast, 4i/£-cligit, 



A/D converter, inverter power supply, dual-trace 100- 
MHz vertical amplifier, readout control section and 
trigger circuit; and a smaller module which plugs into 
the front of the 7D12. Three modules are currently 
available— the Ml Multifunction Module for measur- 
ing DC volts, resistance and temperature; the M2 
Sample / Hold Module for measuring voltage from 
ground to a selected point, or the difference voltage 
between any two selected points; and the M3 RMS Volts 
Module for making true RMS voltage measurements. 
We will discuss each of these in some detail; but first, 
let's take a closer look at the 7D12 mainframe. 

The block diagram in Fig. 1 shows the major sections 
of the 7D12 and the modules. The modules process 
various analog signals — peak voltage, RMS voltage, 
resistance, temperature, etc., and produce a DC voltage 
which the 7D12 converts to digital readout information 
for the 7000-Series Oscilloscope. The M2 and M3 also 
provide an analog signal for display. 

The function of each block in the 7DI2 is readily 
apparent except, perhaps, for the inverter power supply. 
This supply permits floating the A/D converter, en- 
abling us to make measurements with the input ele- 
vated as high as 1 kV. Triggering of the 7D12 can be 
accomplished internally from a unijunction transistor 
oscillator, externally thru a BNC connector, or manu- 
ally by a front-panel push button. 
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The A/D Converter 

The block diagram of the converter is shown in Fig. 2, 
and the associated timing diagram in Fig. 3. The com 
verier produces 'IJ^ digits with an accuracy of 0.01%. 
Basically, it is a dual-slope A/L> converter with an auto* 
zeroing circuit. All of the switches shown in Fig. 2 are 
electronic switches such as MOS-FETs, JFETs and 
diodes. The circuitry enclosed by the dotted line is a 
Moating section powered by the inverter power supply. 

To help in understanding how the converter works, 
let's go through a normal sequence of events: 

Before Before the trigger pulse arrives at the 
7D12, SW2 and SW3 arc closed* and SVV1 is opened. 
The input to the |G M | converter, which has a current 
rectifier! is connected to V lo . The | G w | converter and 
auto-zeroing circuit are nulled, and a capa< itor in the 
circuit memorizes the input offset voltage of an input 
amplifier in the | G M | converter. SW6 is closed so that 
the integrator will start integrating at the proper 
voltage. 
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t 0 - 1 1 — When a trigger pulse arrives at t 0 , the A/D 
Stand-by Start-Ramp Generator produces an A/D 
( stand-by pulse to switch the states of SW1, SW2, SW3, 
and SW6 through the A/D Stand-by Logic circuit. The 
input of the |G M | converter is now connected to V Hi . 
The input voltage Vj N is equal to V Hi minus V Lo - 

t,-t 2 — After 2 milliseconds, a start-ramp pulse is pro- 
duced at t, to turn SW4 on through the Start Ramp 
Logic, to start integrating the input current, I ]N , and the 
counter is started by the dock pulse from the Clock 
Synch, and Control Section. 

t 2 -t 3 — At 20,000 counts of the counter at t 2 , SW4 is 
opened, and SW5 is closed to start integrating down by 
the reference current, I REF . At t 2 , the auto-zeroing circuit 
is activated again by turning SW1 off and SW2 and SW3 
on through the A/D Stand-by Logic. 

After t 3 — When the output of the integrator reaches 
the zero level, a stop-count pulse is produced, and the 
reference current is turned off at t 3 . The counter stops. 
The content of the counter is then transferred to mem- 
ory where the output is converted to an analog readout 
signal. SW6 is turned on again to prepare the integrator 
for the next measurement. The digital readout is equal 
to (I jN /I REF ) x 20,000. I fN is equal to |V|n|/Rin where 
R 1N is a discrete resistor in the | G M | converter, and I REF 
is equal to V ref /R ref . The readout can be expressed by 
| the following equation: 

Readout - ( (| V 1N |/R in ) / (V ref /R ref ) ) x 20,000. . . . 

Eq. 1 

With the use of the auto-zeroing circuit, the | G M [ 
converter cannot drift more than 100 microvolts for the 
instrument’s operating range of -fl5°C to 4-40°G. By 
using a precision input amplifer with high gain and 
high common-mode-rejection, V iN in Eq. 1 is made equal 
to the voltage input to the 7D12. V REF is a temperature- 
compensated zener diode with a temperature coefficient 
of 5 p.p.m./°C. The ratio of R ]N and R ref can be tightly 
controlled by using matched resistors whose tempera- 
ture tracking is better than 2 p.p.m./°C. Therefore, 
total maximum temperature coefficient is 7 p.p.m./°C. 
The required accuracy of ±0.01% over a ±5°C tem- 
perature range is easily achieved. 

Now let’s take a closer look at the plug-in modules. 

The Ml Multifunction Module 

The Ml /7D12 combination forms a 4i%-digit voltmeter 
and ohmmeter, and a 314-digit temperature indicator. 
The DC voltmeter measures from 0 to 1000 V in four 
ranges with a resolution of 100 on the 2 V range. 
System accuracy is ±0.03% of reading ±0.005% of full 
V scale over the ambient temperature range of 20 °C to 
30°C, or ±0.04% of reading ±0.005% of full scale from 



15°C to 40°C. Either input connector can be elevated 
1 kV above ground, and the input impedance is 10 Mfl 
on all ranges. 

Resistance from 0 to 20 Mo is measured in six ranges, 
with a resolution of 10 milliohms on the 200 Cl range. 
The accuracy is ±0.09% of reading plus ±0.01% of full 
scale from 15°C to 40°C. 

Both temperature and DC voltage can be measured 
using the convenient P6058 voltage/ temperature probe. 
Temperature from — 55°C to -f-150°C can be measured 
with a resolution of 0.1 °C and an accuracy of ±1°C up 
to 125°C and ±2°C up to 150°C. A pair of terminals on 
the Ml’s front panel provides an analog output of 10 
mV/°C (0°C = 0 volts) . This output is available re- 
gardless of the Mode/Range switch setting. 

The M2 Sample/Hold Module 

The M2/7D12 combination provides a unique measure- 
ment capability for the 7000 Series. You can measure 
voltage amplitudes from ground to a selected point, or 
the difference voltage between any two selected points 
with an accuracy of ±0.35% or better. The sample 
points can be triggered automatically, manually, or ex- 
ternally, with one of the most convenient sources being 
the delayed gate from a 7000-Series Time Base. With 
the delayed gate applied to the trigger Ext In connector, 
the leading edge of the gate determines the S, sample 
point, and the trailing edge determines the S 2 sample 
point. Fig. 4 shows a typical measurement using the 
S 2 -S| mode. The reading at the upper left is the voltage 
difference between S 2 and S ( , upper center is the TIME/ 
DIV, and the lower left reading is the vertical deflection 
factor for the displayed signal. The signal display is in- 
tensified during the delayed gate; however, at sweep 
rates of about 100 ns/di v and faster, the intensified 
portion will not coincide with the displayed gate be- 
cause of the delay line in the oscilloscope vertical am- 
plifier. The time interval between S, and S 2 can be as 
short as 30 ns and as long as 5 ms. For single-shot S 2 -S ( 
measurements, the time interval must be 150 p, s or 
longer. 




Fig. 4. Typical S±S1 measurement showing peak-to-peak voltage 
of AC waveform. Reading is at upper left. 
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10 Nanosecond Aperture Time 

One of the unusual features of the M2 is the 10 ns 
aperture time. This makes it useful for measuring high 
dv/dt signals such as the fast A/D converter waveform 
pictured in Fig. 5. Accuracy of the measurement is typi- 
cally better than ±0.25% if 40 ns is allowed for settling 
time following an input signal step-function. 

Fig. 6 illustrates an application of the M2/7D12 
teamed up with a 7D15 Universal Counter/Timer 
plug-in to make accurate rate-of-rise measurements on a 
ramp signal. The M2 is operated in the S 2 -S, mode. The 
delayed gate from the time base plug-in is used to gate 
both the M2/7D12 and the 7D15. The +2.35 V reading 
in the upper left corner is the change in amplitude dur- 
ing the brightened portion of the trace. The time in- 
terval as measured by the 7D15 is 20.92 ^s and the IX 
indicates the reading was taken during a single event 
rather than an average of several ramps. Accuracy of 
the M2/7D12 in this mode is ±0.35%. The linearity of 
the ramp can be quickly checked by moving the delayed 
gate along the ramp and noting any change in the am- 
plitude reading provided by the M2. 



The M3 RMS Volts Module 

The M3/7D12 combination brings another unique 
measurement capability to the oscilloscope— measuring 
true RMS voltages. The M3 measures DC, the true RMS 
voltage of signals from 40 Hz to 100 kHz, and the true 
RMS value of AC + DC. The maximum input is 500 V 
RMS or 1000 V peak. Voltages are displayed digitally 
on the CRT with 3p£-digit readout, with a resolution of 
1 mV achievable on the 2 volt scale. Accuracy of the M3 
is ±0.25% of full scale up to 40 kHz on the 2 V and 20 V 
ranges, derated to ±0.5% above 40 kHz. The maximum 

permissible crest factor (^ PEAK ) is 5. Response time of 

Erms 

the M3, that is the time required for the readout to 
reach its stated accuracy after a step voltage is applied, 
is less than 2 seconds. 

The M3 can measure distorted sinewaves such as the 
outputs from SCR circuits, or non-sinusoidal waveforms 
such as pulse trains with duty cycles as low as 4%. The 
photograph in Fig. 7 shows the measurement of the 
RMS voltage from a silicon controlled rectifier. The 
RMS value of the displayed waveform is the reading at 




Fig. 5. Voltage level at any point on this 
A/D waveform can be made by positioning 
the gate to start at the desired point. 



Fig. 6. The S2-S1 mode being used to ac- 
curately measure rate-of-rise on a ramp 
signal. The voltage difference is+2.35 V 
and elapsed time 20.92 /*s. 



Fig. 7. True RMS value of SCR is measured 
by the M3/7D12. 




Fig.8A. Measuring true RMS value of 
AC+DC waveform. 




Fig. 8B. Measurement of same waveform 
with DC component removed by AC 
coupling. 
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upper left, and the lower reading is the vertical display 
sensitivity* Another example, showing the eifect of I)C 
on the RMS measurement is shown in Fig's, 8 A and 8B. 
The waveform in Fig, 8 A is a 2- volt pulse with a I -volt 
DC component Fig* 8R is the same pulse with the DC 
component removed by AC coupling the M3, If the 
pulse were symmetrical, the RMS value in die DC- 
coupled reading would be VZ times the AC-coupled 
reading since = /^DG) 2 + {AG RMS ) 2 and, in this in- 
stance, AG r ms ” DC = i volt. 

Now, let's Lake a look at how the M3 functions. The 
block diagram of the M3 is shown in Fig. D, Following 
the input attenuator, die signal progresses through two 
separate channels. The lower channel is an amplifier 
for conditioning the signal for display as an analog 
signal, or waveform, on die CRT. The modulator 
allows Lhe floating input to be transformer coupled to 
die chassis-referenced 7D12 display amplifier. Band- 
pass of the analog channel Is DC to 7(H) kHz, 

The upper channel converts die input signal to a 
DC voltage equivalent to the RMS value, for driving 
the A/D converter in the 71)12. The operational recti- 
Pier and volt age- to-cur rent converter, although shown 
as lwo separate blocks, arc difficult to separate physi- 
cally* A simplified circuit diagram of the two is shown 



in Fig. 10, When the input is a positive signal, the cur- 
rent path is through Q,, R and CR 2 ; when negative, it is 
through Q 3 , R and CR I# The voltage across R is Ke )N 
and you will note that the current flows unidirection- 
ally in the output. The output current is thus propor- 
tional to the absolute value of the input voltage. To 
prepare die signal for squaring, the output current is 
divided into lwo equal pans for driving the multiply- 
ing circuit These two equal currents then pass to the 
gain cell which squares, averages and takes the square 
loot of the input currents. The output of the gain cell 
is equal to the RMS value of the input voltage to lhe 
M3, but is referenced to some positive voltage rather 
than the common buss. By using a summing amplifier 
this positive voltage is subtracted, bringing the output 
back to the common reference for driving the 71)12. 

Summary 

The 71)12, with its plug-in modules, adds important 
new measurement capability to your 7000-Series Oscil- 
loscope. And, u is measurement capability with digital 
accuracy. True RMS voltage, DC voltage, resistance, 
temperature, and voltage difference between any two 
selectable points on a waveform are all measurements 
available to you using the 7D12 plug-in. 
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D id you know that high-speed signals can be quickly 
made computer compatible? Or that they can be 
displayed on a large screen TV monitor in real time or 
stored on an X-Y monitor in a refreshed mode? The 
TEKTRONIX R7912 Transient Digitizer can digitize 
signals that occur in a few tenths of a nanosecond. The 
signal is captured on a diode-array target at sweep rates 




Dr. Gail Massey of the Oregon Graduate Center making 
adjustments to a pulsed neodymium YAG laser, using the 

R7912. 



up to 500 picoseconds per division. In the DIGITAL 
mode, it is scanned off at a rate slow enough for a 
minicomputer to handle, with a maximum writing 
rate equivalent to 8,000 div/^s. The NON STORE 
mode provides bright, large screen displays at writing 
rates equivalent to 80,000 div/^s. 

Just how fast is 500 picoseconds? The fastest entity 
known is light. In 500 picoseconds, light travels about 
six inches. One source of light pulses which is receiving 
increasing attention in many research laboratories is the 
laser. A laser (light amplification by stimulated emis- 
sion of radiation) is a source of energy that occurs 
within a very short time frame. 

The pulse train produced by a mode-locked laser 
often has fast pulses that are separated by only a few 
nanoseconds. A switching method such as a dye cell is 
used in conjunction with a mode-locked laser to permit 
only a single pulse train to leave the laser cavity. The 
individual pulses within the train can be as short as 
five picoseconds. The ability to capture and display 
a single pulse is limited by the response of the de- 
tector and the measurement instrument. With the 
R7912 and the 7A21N Direct Access Plug-in, instru- 
ment risetime is 350 picoseconds at a sensitivity of 
4V/div or less. 

Fig. 1 shows a very simple mode-locked laser which 
produces two basic waveforms which can be analyzed 
with the R7912. Response of the Hash lamps can be mea- 
sured with the R7912 by either of two methods. One is 
to place a current-sensing resistor in series with the 
power lead for each lamp. A drawback of this method 
is that multiple signal channels are needed, one for 
each lamp. A preferred method of measuring flashlamp 
response is with a light pipe and photo-diode detector. 
Now, the display shows the actual flashlamp output on 
a single channel. The R7912 can be operated in the 
NON STORE mode to provide a real-time display for 
adjusting the fiashlamps and setting the pumping 
power. In the DIGITAL mode, the R7912 digitizes the 
waveform to allow computer action on the signal or for 
automatic computation. Some of the data that can be 
obtained from this setup is; 

• Total light output. 

• Duration of light pulse. 

• Peaks, breaks, or other irregularities in the power 
curve. 

• Area under the curve for indication of power (may 
be determined automatically by the computer) . 

• Auto-feedback calibration of the pumping power 
to maintain desired light output (under computer 
control) . 

Waveform B shown in Fig. 1 is the pulse-train output 
of the mode-locked laser. Normally, this signal is ob- 
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Limed using a beam splitter mirror slikI a photo-diode 
detector. Again, the R71J12 can l>e operated in die NON 
STORE mode to produce a real-time display which 
makes system setup easy. I’he large screen TV monitor 
allows you to view the detector output easily* even 
from across a brightly lighted room, white you make 
system adjustments This waveform can also be com- 
puterized lor measurement of output power* Fast 
Fourier Transform computa lions, or many other com- 
p u tcr-a i dec I I n n ctio ns. 

A typical laser system is shown in Fig, 2, Some of the 
points where measurements could be made with an 
K7U12 are identified by Lite detectors shown in this 
diagram. Typical waveforms that would result at these 
measurement points are also shown. A Pock cl cell is a 
Lypical optical switch used in laser systems. U switches 
fast enough to select an individual pulse out of the 
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Fig, 2, Measurements in laser system . 



mode-locked pulse train. The rejected portion of the; 
pulse train tail be sensed by photo-diode detector #1 
and compared with die amplified output at photodiode 
detector #2 lo see if a complete single pulse came 
through the optical switch and how cleanly I h ts pulse 
was extracted from the pulse train. 

A variety of detectors could be used U> measure die 
effect of ihc pulse aL the target. Choice of the detector 
won III be determined by die phenomenon you desire to 
measure aL the target, Some Lypical detectors used are: 

* Photo diode- measures photon llux; i.e„ photons 
of various energies and X-rays* 

* Faraday t up— measures charge ol particles* 

• Energy /charge analyzer measures energy versus 

charge. 

* Beta spectrometer— measures electrons of various 
energies. 

• Secondary electron tie tec tor— measures work-func- 
tion characteristics of various materials. 

• Neutron detectors— measures neutron activity. 

Waveform G is a typical output waveform produced by 
any of the above de tec tests. 

As in the previous measurement, the R7RI2 can be 
used either in the NON STORE or the DIGITAL 
mode. For system setup and alignment or real-time 
analysis of measurement results* the NON STORE 
mode used with a TV monitor provides a good display. 
However, some high-powered lasers must allow several 
minutes to elapse between pubes. In that circumstance* 
the DIGITAL mode used with a storage monitor pro- 
vides the bast display, This setup allows the display to 
be viewed and analyzed for extended periods. Also, 
new information can he written over the previous trace 
for direct comparison, 

We mentioned previously Unit lire output signal 
from i he de tenors can be digitized for computer analy- 
sis, It is not feasible in these limited pages to de- 
scribe in detail die computations that can be made on 
these signals by the computer. The operating capahil 
ities are mainly limited by the abilities of the pro- 
gramme] and physical limitations of the computer. 

In this article, we have given only an over- view of 
die measurement capability of the R71J12 Transient 
Digitizer. While we have not answered all ol ihc tpies- 
lions you may have regarding measurements to be 
made with this system* we hojae to have implanted the 
seeds of a few ideas which will germinate into solutions 
for you i individual measurement problems. . 
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Service scope Getting around in Tektronix 

Instruments 




M ost electronic equipment is pretty complex inside. Especially when it 
conies to locating specific components and circuitry while trouble* 
sliooLtig the unit. 

Serviceability has always been an important design consideration at Tek- 
tronix. Beginning with our first instrument, the Type 511 Oscilloscope, wc 
endeavored to make components easy to locate and replace. And leads were 
soldered im in a manner allowing them to be easily lifted for troubleshooting. 
The notched ceramic strips used in later instruments such ns Lhe 535 and 
545 made servicing almost a pleasure* 

Now, with the use of printed circuit boards and the automatic insertion 
and soldering of components, servicing has become a bit more difficult. Com- 
ponents arc reduced in size and component density is vastly increased. Locat- 
ing and replacing specific components on a crowded circuit board can be a 
real problem, 1 fere are some of the things we are doing at Tektronix to make 
it easier for you. 
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Printed Circuit Board Marking 

Much can be done to accommodate component mark- 
ing if proper attention is given to this when designing 
the circuit board. With space limited, we assign priority 
to marking active devices such as transistors and IG T s, 
adjustable components, plugs and connectors* and dan- 
ger points, Both the circuit symbol and control name 
are usually shown lor adjustments. Markings follow the 
A*S.A. code lor component symbols—' "Q" designates 
transistors, "U” integrated circuits, “CR* diodes, “K” 
relays and so forth, Incidentally! you will find most 
active devices mounted in sockets rather than soldered 
on the circuit board* 

The location of the number one pin for 1C s, and the 
proper orientation tor multi-lead connectors are also 
noted on the printed circuit board* Some of the most 
useful markings are test points denoted by "TP M , These 
correspond to test points shown in the manual schema* 
lies and usually have provision for easily attaching a 
probe. The instruction manual also contains photos of 
each printed circuit board with all components and 
adjustments labeled. 

Connectors Play an Important Part 

It's easier to take things apart if leads and cables termi- 
nate in connectors* You'll find some real innovations 
by Tektronix engineers in this area* The Felicia con- 
nector provides a compact, inexpensive means of con- 
necting shielded leads to the printed circuit board* 
Harmonica connectors accommodate ten-lead ribbon 
cable in a minimum of space and are easy to put on or 
disconnect* And unique inter-board connectors pro- 
vide direct connection between circuit boards without 
the need for cabling. 

Color Coded Wires 

This year Tektronix applied col or- coding stripes to over 
75 million feet of wire for use in our instruments* 
Another 6 or 7 million conductor feet of ribbon cable* 
also color coded, is supplied by outside vendors* These 
brightly colored leads enhance the internal appearance 
of Tektronix instruments* but that isn’t the primary 
purpose for color coding. It serves a very useful function 
in building the instrument and in servicing it* 

The color-coding scheme is basically in accordance 
with MIL-STD-(iKIB, The color of the wire insulat ion 
identifies the function of the lead a*s follows: 

Black — Grounds 
Brown- Heaters and fi laments 
Red — B+ power supplies 
Violet — B— power supplies 
Gray — Internal AC Power 
White — Signal leads 



Color stripes are added to these solid-colored back- 
grounds lo further identify the lead. For example, a 
floating ground is black with a white stripe. The red 
and violet power supply leads are coded to denote their 
deviation from ground or zero voltage as follows (the 
numbers corresponding to the standard resistor color 
code) : 



4th supply 


2-1 &2-4X Series 


3rd supply 


2-8 & 2-3X Series 


2nd supply 


2-1 k 2- IX Series 


1st supply 


2-0 Be 2-OX Series 


1st supply 


7-0 & 7-03 Series 


2nd supply 


7-1 & 7- IX Series 


3rd supply 


7-2 & 7-2 X Series 


4th supply 


7-3 & 7-3 X Series 



For example, the 2-0 and 2-OX series are used for die 
first, or lowest, positive power supply. The 24) lead is 
the regulated bus. The 24 M is the decoupled 24) supply. 
11 another lead is needed the 2-03 code is used. The 
most unregulated lead in this supply is coded 24)9, and 
if another lead is needed, die next most unregulated 
lead is coded 2-08. 

The gray base color is used for internal AC wiring. 
Conductors for the line (hot) side, starting at the AC 
input, arc color coded 8-0, 8-1)1, 8-02 in sequence. The 
black stripe corresponds to the black lead in die power 
cord* 

Conductors for the neutral (cold) side are color 
coded 8-9, 8-19, 8-29 in sequence; the white stripe cor- 
responding to tiie white lead in the power cord. 

Signal leads have a white base color. The stripes 
are used only for lead identification and have no 
significance. 

The use of ribbon cable complicates die use of color 
coding to code wires according to function, in fact, it 
becomes a practical impossibility considering the vari- 
ety of ribbon cables used* There is a prac tical coding 
scheme that is useful, however. Color can be used lo 
denote the lead position in the cable. For example, all 
leads in a ribbon cable have a base white color. The first 
lead, which will be connected to slot number one in a 
connector, has a brown stripe; die number two lead has 
a red stripe and so on* This color scheme is used on 
ribbon cables with two or more conductors. 

Summary 

Getting around in electronic instruments can be frus- 
trating and time consuming. Well-marked chassis and 
printed circuit boards, color-coded wiring, and inno- 
vative connectors are all designed to make it easier to 
get around in your Tektronix instruments. , 
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Covert A close-up view of 
the display of the 7L13 
Spectrum Analyzer. The 
CRT Readout displays the 

Spectrum Analyzer control | 3 

settings. Center frequency 
is 1521 MHz, frequency 
span is 200 Hz/div, re- 
solution is 30 Hz and the 
video filter is set at 10 Hz. 

The reference level at the 
top of the screen is —20 
dBm and the vertical de- 
flection factor is lOtlB/div. 
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30 Hz resolution 
at gigahertz frequencies— 

a new direction 
in spectrum analysis 



F or some years the needs oi highdjfequenty spectrum analysis in the 
area oi DC to 2GH* have been satisfied by a number of instruments 
whose incidental FM was in the order oi 200 Fh. White these instru- 
meats have Served well they do not permit exacting measurements in the 
areas of spectral purity and dOse in distortion* As a result, the user is 
often compelled to adopt alternate test procedures which require the 
use of down -converters and low-frequency spectrum analyzers or wave 
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analyzers. The cumbersome nature of these measure- 
ment systems coupled with the lightening of signal 
specifications by govern mental regulatory agencies has 
created a need for a high ]>erformancc, high-frequency 
spectrum analyzer. 

Performance Goals 

At inception, the 7LI3 program aimed at reducing 
internal FM and drift by an order of magnitude with 
commensurate improvement in resolution capability. 
Keeping in mind ihai most spectrum analyzers arc al- 
ready somewhat difficult to operate, tliese improve- 
ments could not be accomplished at the expense oi oper- 
ational ease. Indeed, additional improvements in oper- 
ational simplicity should be sought. 

First Local Oscillator 

It is the local oscillator system that determines the 
performance achievable in most Spectrum analyzers. 
An examination of the oscillator system reveals that 
there are basically two oscillators under consideration. 
These are the 1st L.O. (2.1 - 3.9 GHz) and the 2nd HO. 



(2.2 GHz) as shown in Fig. 1. Tfie 3rd L.O. being 
crystal-derived at 95 MHz contributes negligible FM 
(<<] Hzp-p) to the system. 

It is common practice, as the frequency span is re- 
duced, to phase lock the 1st L*G. to a fixed crystal refer- 
ence oscillator, thus stabilizing it while shifting the 
sweep function to the 2nd L.O.' The rate of the crystal 
reference oscillator determines the range over which the 
2nd L.O. must be swept in order to complete the fre- 
quency coverage between the discrete lock points. 
Hence, a low-frequency reference is desirable from the 
viewpoint of design ease in the 2nd L.O. system. 

The choice of a crystal reference rate is compromised 
by the high phase noise associated with low-frequency 
references. The increase in noise arises from the require- 
ment for a higher multiplication rate of die funda- 
mental oscillator, whose behavior is characterized by 
the following equation: 

DEG*** 20 log M, 
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Fig. 1. Frequency conversion system of the 7L13. 



Where: DEG is the degradation in spectral purity in 
dB and M is the multiplication factor. From the stand- 
point of phase noise it is desirable to choose a high rate 
for the crystal reference oscillator; however, conflicting 
requirements result. A 1-MHz reference rate is chosen 
as medium ground for the 1st L.O. reference. This 
permits a reasonable 2nd L.O. tuning range of 3 MH/ 
as well as satisfying the phase noise constraint. 

There is a unique bandwidth for any oscillator servo 
system which will yield optimum spectral purity. This 
bandwidth is determined by considering the relative 
spectra of the reference oscillator and the voltage- 
tuned oscillator (VTO) which is to be locked. In the 
1st L.O. servo loop, the loop bandwidth is chosen such 
that the excellent line-width properties of the crystal 
reference are translated to the YIG VTO. The broad 
noise pedestal associated with the same reference is 
rejected in favor of the faster falling noise sidebands 
of the YIG VTO. The F\1 performance of this system, 
when operating in the lock mode, is in the I Hz p-p area. 

2nd Local Oscillator 

The 2nd L.O. usually consists of a varactor- tuned oscil- 
lator operating in the region of 1.5 to 2.5 GHz. Exam- 
ination of the properties of this oscillator type indicates 
that under reasonable circumstances, 200 Hz is the 
minimum residual FM that can be expected as guar- 
anteed performance without resorting to external 
stabilization techniques. 

Improving the performance of the 2nd L.O. becomes 
a problem of designing an oscillator at a frequency 
where the desired stability and tuning range can be 
achieved. In this case a voltage-tuned oscillator oper- 
ating from 16 to 19 MHz, and whose residual FM is 
approximately 1 Hz p-p, meets the requirements of a 
reference for die 2nd L.O. system. The stability prop- 
erties of this reference oscillator are translated to 2.2 



GHz by a type-two frequency servo system as indicated 
in Fig. 2. The unstable 2.2 GHz oscillator, collector 
tunable over a ^1.5 MHz range, is heterodyned widt 
a crystal-derived 2J82.5-MHz (FM <1 Hz p-p) signal. 
The product at 17.5 (±1.5) MHz is phase compared 




Fig. 2. Second L.O. stabilization system. 

with the 16 to 19 MHz reference oscillator and the re- 
sultant error signal is amplified and fed back to the 
collector of the 2.2 GHz oscillator. Thus, the 2.2 GHz 
L.O. is synthesized in such a manner that it replicates 
the product of die J 6 to 19 MHz oscillator and the 
2182.5 MHz crystal-derived source within the band- 
width of the servo system. The complete 2nd L.O. 
system of the 71-13 exhibits a typical incidental FM of 
1 Hz p-p. 

A major distinction in the operation of the 2nd L.O. 
servo system (as opposed to the 1st L.O. loop) is that 
it is functional in all modes of 7L13 operation. The 2.2 
GHz oscillator is never allowed to assume a free run* 
ning mode and is under die control of the 16 to 19 
MHz VTO from the time the instrument is turned on. 
Consequently, there is no mention of a 2nd L.O, lock 
mode on the analyzer front panel, and the stabiliza- 
tion of the 2nd L.O. in no way complicates the use 
of the instrument 





30 Hz Resolution Filter 

In order to exploit the extraordinary stability of which 
the 7L13 local oscillator system is capable, a 30-Hz 
resolution position was made available to the user. In 
light of the fact that the widest resolution bandwidth 
in the instrument is 3 MHz, a center frequency of 10 
MHz is chosen for the final IF. In order to keep system 
complexity to a minimum, this requires that the 30-Hz 
resolution filter be at 10 MHz as well. 

This filter is of the well known lower sideband lad- 
der design (Fig. 3) . It employs three quartz resonators 
whose unloaded Q is in excess of one million and has 
a nominal 60:6 dB shape factor of 10:1. These reso- 
nators, when exposed to temperature variations en- 
countered in the instrument (0°>50°C), are prone 
to alter their center frequency by a large fraction of the 
filter bandwidth. In order that the 30 Hz filter be able 
to maintain its bandpass characteristics under condi- 
tions of varying temperature, the quartz resonators 
are required to have matched temperature-versus-fre- 
quency properties. 

> T HB- T Hllh T HOI- r c 

I I I I 

Fig. 3. Simplified circuit of the 30-Hz crystal filter. 

Frequency Readout and Tuning 

The availability of high linearity (typically .1%) YIG- 
tuned oscillators prompted the use of a digital fre- 
quency readout. This is accomplished by a digital volt- 
meter (DVM) which monitors the tune voltage of the 
1st L.O. The frequency information obtained from 
the DVM is multiplexed and displayed both on the 
front panel, by a light-emitting diode display, and on 
the analyzer screen via the Tektronix CRT READOUT 
system. This permits the user to measure frequency to 
an accuracy of ± (5 MHz + 20% of the frequency span 
per division) ; 20% of a division being as close as one 
can typically judge the signal position, taking into ac- 
count the effects of observation and the geometry of 
the display. 

Simplification of operation was achieved through the 
development of a single- knob tuning scheme. Pre- 
vious analyzers have often had two or more tuning 
knobs; and depending upon what mode the analyzer 
was operating in, inadvertent adjustments of the wrong 
tuning knob could cause severe frequency disturbances 
in the instrument. This problem is eliminated in the 



7LI3 through a mechanism employing two magnetic 
clutches and a self-centering potentiometer. When this 
system is operated in spans where the 1st L.O. is stabi- 
lized, the 2nd L.O. potentiometer clutch is engaged. 
Starting from a centered position, it prohibits one from 
achieving lock with the 2nd L.O. tuning control against 
one stop. Further, access to the 1st L.O. potentiometer 
is denied the user by disengaging the 1st L.O. potenti- 
ometer clutch so that he cannot mistakenly tune the 1st 
L.O., break lock, and lose his display. When returning 
to spans which do not require 1st L.O. stabilization, the 
clutches alternate state returning the 2nd L.O. poten- 
tiometer to its centered position and permitting tuning 
of the 1st L.O. 

Convenience Features 

We have come to expect such user conveniences as 
absolute amplitude calibration, freedom from spurious, 
automatic frequency stabilization, coupled span and 
resolution controls, display warning indicators and such 
in our high performance spectrum analyzers; and in- 
deed they are all present in the 7L13. The 7L13 goes a 
step beyond and introduces the concept of full param- 
eter readout to spectrum analysis (Fig. 4) . All pertinent 
information, i.e., center frequency, resolution band- 
width, span, video filtering, vertical scale factor and 
power reference level may be viewed at a glance or 
permanently recorded by a photo of the display. 

Performance 

The graph of frequency tuning range versus resolution 
on page 3 shows the performance of the 7L13 and other 
instruments currently available. As is evident, the 7L13 
represents a significant breakthrough in the area of 
high resolution, high-frequency spectrum analysis. The 
7L13 has achieved a high degree of synergism with 
respect to spectral purity, resolution and drift. The 
instrument is not limited by the cleanliness of its oscil- 
lator system, as is so often the case with other high- 
frequency analyzers. As Fig. 5 shows, the shape of the 
30-Hz resolution filter is clearly defined for well over 60 
dB. This performance, familiar to users of low-fre- 
quency spectrum analyzers, is uncommon above a few 
hundred megahertz and due largely to the very con- 
servative 10-Hz FM specification of the 7L13. 

Resolution is a significant feature of a spectrum 
analyzer. Fig. 4 illustrates a 1476-MHz carrier, ampli- 
tude modulated at 50-Hz rate with both sidebands 
distinctly resolved. Fig. 6 shows the same carrier modu- 
lated at a 400-Hz rate along with residual 180-Hz line- 
related modulation on the carrier source 60 dB down. 

The question of how long a given stable signal will 
remain on the display may be resolved by the drift 
specification. Just how well the 7L13 conforms to its 2 
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kHz/hr drift specification is evident in Fig. 7. This 
time-lapse photograph, made at hourly intervals, re- 
veals a total drift of *1 kHz in (i hours with 1.2 kHz 
occurring in the first hour. 

All of the foregoing performance features of the 7L1 3 
would lose much of their impact if the analyzer were 
not highly immune to intermodular on distortion. It is 
this properly which in large part determines whether 
the display on the analyzer is real. Returning to Fig. 5, 
one can see that, in this 2-tone test at 1555 MHz with 
500-Hz tone separation, there are no visible 3rd-order 
intermodulation products. 

In general, it is instruments like the 7L13 which will 
ease the burden of making critical spectral measure- 
ments at high frequencies. Arid this ability will set the 
direction for future improvements in communication 
equipment performance. 
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Fig. 4. 1476-MHz carrier modulated at 50 Hz. Note full pa- 
rameter readout. 




tort ion along with spectral purity and resolution filter shape. 
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Fig. 6. 1476-MHz carrier 100% AM modulated at a 400-Hz 
rate. 




Fig. 7. Time-lapse photo taken over a 6-hour period shows 
excellent drift characteristics of the 71.13. 
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l.G/s. A set of 50 different characters are provided, with 
the capability 10 add others as the need arises. Included 
are all of the numerals, most of the alphabet in upper 
case, the symbols, p, n, m and other sjjct ial symbols. 

To minimize coding complexity an analog coding 
scheme was developed in which data is encoded by 
means of resistors and switch closures. This data is gen- 
erated in the plug-in by connecting these resistors be- 
tween time-slot pulses and data output lines via the 
appropriate switch. The coding scheme includes two 
channels for each plug-in so that dual trace amplifiers 
and delaying/delayed time bases can be accommodated. 
A maximum of eight words can be displayed, corre- 
sponding to two channels for each of four plug-ins. The 
position of each word on the CRT is fixed and related 
to the plug-in from which it comes. Each channel will 
display one word having up to ten characters. The 
characters are normally written without redundant 
spaces, but spaces can be called for in the code if de- 
sired. Only those channels in use have their readout 
displayed. 

Some Benefits of Readout 

Now, what are some of the benefits afforded by CRT 
READOUT? 'I‘o those whose work entailed photo- 
graphing the waveform a major benefit was immedi- 
ately apparent. T he vertical deflection factors and 
sweep rates could l>e recorded right on the film with the 



CRT READOUT - 
nicety or necessity? 



W hen the 7000-Series Oscilloscopes were being 
conceived much discussion centered around a 
scheme to present alphanumeric information on the 
CRT along with the waveform. Would the benefits de- 
rived justify the engineering effort required? What 
about the added cost to the customer who didn't need 
or want readout? These and related questions con- 
sumed hours of discussion. 

The question of added cost for those not needing 
readout was neatly resolved by placing the bulk of the 
readout circuitry on a single printed circuit board. 
Easily installed or removed, readout could l>c included 
at the time the instrument was ordered, or added later 
at the customer's preference. Only time could ade- 
quately answer the question of whether the benefits 
would justify the effort required. 

How It Works 

Here, briefly, is how the readout system works. The 
system uses an electronic: character generating circuit 
which time shares the CRT with the normal scope func- 
tions. The characters aie formed by a series of X and Y 
analog currents developed by Character Generating 



Optional readout programming txmrd for 
the 5403. 



The 5403 Oscilloscope features 00-MHfe 
bandwidth, plug-ins and CRT READ- 
OUT. 



7M13 Readout Unit for the 7000-Series. 
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displayed waveform. This would lie a real convenience 
and time saver. 



Another major benefit was the reduction of operator 
error in making measurements. More than one piece of 
research has had to l>e redone because of faulty data due 
to prol>e attenuation or uncalibrated knob settings 
going unnoticed. With CRT READOUT, the stale 
factor at the probe lip is automatically indicated when 
the proper probe is used. An uncalibrated knob setting 
is denoted by displaying < or > before the reading, 
e.g., <500 mV. 

And then came a major breakthrough in oscilloscoj^e 
capability. With the introduction of the 7DM plug in 
the oscilloscope became a 500 Mil/ digital counter 1 ; 
ihe CRT READOUT serving as die display for the 
counter. And the oscil Iosco |>e/eoun ter combination 
opened the door to previously difficult or impossible 
measurements. For example, selectively-gated counter 
measurements could now be made easily and accurately. 



Another digital plug-in added digital voltmeter and 
tem|>erature measuring capabilities. A digital delay- 
plug-in provided a digital delaying time base and the 
ability to delay by a selected numl>er of events. Spec- 
trum analysis was included with reference level, dB/div, 
frequency span, resolution anti other c alibrated param- 
eters all displayed by CRT READOUT. 

Another significant measurement capability was in- 
troduced with the Digital Processing Oscilloscope. This 
instrument marries the oscilloscope to a computer or 



desk-top calculator. Here, again, CRT READOUT 
plays a vital role in displaying the parameter* of the 
signal displayed on the screen, which may be consider- 
ably different from the signal fed to the oscilloscope 
input. 

Getting a Word In 

It didn't take long for customers to voice a need for 
putting their own words in the readout— information 
like the date, test number or die engineer's name. To 
accommodate these needs a "typewriter" plug-in was 
developed. The 7M13 Readout Unit provides a front- 
panel keyboard to write alphanumeric! and a selection 
of symbols. Two ten character words can be written on 
the CRT screen, one at the top and one at the bottom, 
in the position associated with the selected plug-in slot. 

CRT READOUT In a Low Cost Scope 

Because of its proven value, CRT READOUT' is also 
included in the new 5400 Series, a line of low-cost, 00 
MHz, plug-in oscilloscopes. Mere again provision is 
made to insert two ten-character words of your own 
choice in the readout via a 25-pin connector on the rear 
panel of the scope. An optional plug-in program board 
makes it easy to build your own words. 

Summary 

CRT' READOUT* has proven to be much more dian 
just a convenience, it is the key diat opens the door to 
new measurements for the oscilloscope user. Just what 
(he total benefits will be remains to be determined. 
We're still discovering new ones right along. >• 

'Tckscopc, January 1973, “A new work! of inrastiirmctits for the 
oscilloscope.” 




The readout in tbit photo was pro- 
grammed by the computer in a Digital 
Processing Oscilloscope system. The dou- 
blc V indicates the waveform is the re- 
sultant of two voltage signals multiplied 
together. 
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This photo was dated and identified as 
Test 6 using the optional readout pro- 
gramming board in the 5403. 
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Flexible disc measurements 
simplified by digital delay 



Teknique 



S ignals from a flexible disc and its associated circuitry can be measured 
using a conventional delaying sweep. However, jitter caused by small 
speed variations in the rotating disc can make the display difficult to inter- 
pret, And when you consider that there may be 100,000 data bits on a single 
track you can appreciate the difficulty of locating a particular bit. The 7DJ 1 
Digital Delay Plug-in eases the task considerably. 

The7DM can be used in any TOUfhSeries Oscilloscope having CRT READ- 
OUT. The plug-in has two basic inodes of operation. The first is a Delay- 
by-Time mode, where a highly accurate internal dock is the time base from 
which delays are derived. Digital delays from 100 nanoseconds to 1 second. 
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in 100-m incremeul& arc available in this mode, A 
helidial-controlled analog delay provides an additional 
0 to I (K) ns of delay providing time delay resolution up 
to I ns* 

The second mode of operation, Delay-by-Events, is 
die mode we're most interested in for this application. 
In this mode the 71) 1 1 counts arbitrary trigger events, 
anti delivers an output (notifies the delayed sweep) 
when the preselected number of events is reached. The 
unit can count events from 1 to 10,000,000 occurring at 
rates up to 50 MHz, and the events can he periodic, 
aperiodic, and contain instability such as jitter and 
drift. 

To determine when to start counting the selected 
number of events, we need to provide a related syn- 
chronization pulse to the Events Start Trigger input of 
the 7011. This could be the origin pulse, or, perhaps, a 
sector pulse from the llexible disc, depending on the 
measurement to be made. 
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Fig. 2 (b) WRITE data timing and signal waveforms. 



Now let's take a look at some measurements on the 
llexible disc system. We will be working with die Meni- 
orex 651 Flexible Disc Drive. This system uses a disc 
speed of ^ 375 RPM. Depending on user requirements, 
die data may lie organized on the disc in multiple rec- 
ords per track (sec tor) or single record jier track (in- 
dex) format. There are 32 sectors and 64 tracks on the 
disc. Fig. 1 shows die format for each mode of operation. 

The dock frequency used is 250 kHz. The clock is 
recorded on the track along with the data to permit 
accurate readout of data with variations in disc speed. 
Fig. 2 shows the relationship between the index and 
sector pubes, and die clock and data pulses. The READ 
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Fig. 1 . Formate for data organized for multiple record per track 
(sector) and single record per track (index). 



head reads die combined dock and data pulses recorded 
on the disc. The READ logic amplifies and separates 
them into two outputs: separated dock signals and 
separated data signals. 

Signal Variations from Track to Track 

One of the problems encountered in using a disc is the 
change in amplitude of the signal on the disc as you 
move from an outer track to an inner track. Fig. 3 (a) 
is the signal from Track 00 and 3 (b) the signal from 
Track 63. The bottom waveform in each photo is the 
analog signal from the READ head; the top waveform 
is the signal converted to a negative-going TTL-com- 
patible pulse. You will note the events count is 1247. 
This Indicates we have triggered the EVENTS START 
from one sector pulse and delayed out to permit us to 
view die start of data in the next sector. The shift of the 
data to die left in Fig. 3 (b) is due to the fixed spacing 
between die WRITE and READ heads causing tis to 
miss more of the 136 bits between the start of the sector 
pulse and the start of data as we move toward the center 




Fig. 3 (a) The lower trace is raw data From the READ head 
while reading Track 00. Upper traces is signal reconstituted 
in TTL-eompatible format. 
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Fig. 3 (b) Same signal source as in 
Fig. 3(a) read from Track 63. 



Fig. 5. Time interval from end of 
data in one sector to start of next 
sector pulse is easily vierwed with the 
7D11. 



Fig. 7. An events count of 1040 lakes 
us near the end of a sector to view the 
8-bit strobe pulse moving data from 
the shift register to the computer ter- 
minal. 




Fig. 4. Setup for making measure- 
ments displayed in Figs. 3(a) and 
3(b). 



Fig. 6. Setup for making measure- 
ment displayed in Fig. 5. 



Fig. 8. Setup for making measure- 
ment displayed in Fig. 7. 



of the disc. 'The setup to make this measurement is 
shown in Fig. 4. 

Another point of interest in the system is the interval 
from end of data to the start of the next sector. This is 
shown in Fig. 5. The upper trace shows die data ending 
100 jjjs from the start of the sweep. The lower trace 
shows the next sector pulse starting approximately 500 
fVi later. The events count of 1037 was selected to place 
the leading edge of the sector pulse conveniently on the 
vertical graticule line. Fig. 6 shows the 7704A setup for 
this measurement. 

The photo in Fig. 7 shows some interesting sets of 
signals in the system. 'There arc 1048 data bits recorded 
per sector. An events count of 1040 was selected so we 
could view the last data in the sector and check for the 
8-bit strobing pulse that would transfer the data from 
the shift register to the computer terminal. The follow- 
ing 8*bit strobe pulse transfers the shift register to the 
next character. Fig. 8 shows the setup for this display. 



Summary 

These are just a few' examples of the use of the 7DI I 
Digital Delay unit in making measurements in a flex- 
ible disc system. It provides a convenient means of 
locating and viewing any of the thousands, or in some 
cases, millions of bits of data present in the disc system. 

Other digital plug-ins such as the 7D12 A/D Con- 
verter and the 7D15 Universal Counter/ Tinier are also 
valuable aids in making accurate voltage and liming 
measurements in a disc system. 
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Servicescope Servicing the 465 

portable oscilloscope 



T he first thing you need to know in servicing a product is how to get the 
cabinet off. This is less than obvious in much of the packaging used 
today. You will find it takes a little longer to remove the 465 cabinet than 
you’re accustomed to with the 453. But there's a good reason. The 465 is six 
pounds lighter than the 453A. And part of the weight reduction is achieved 
by using die cabinet to mechanically strengthen the package. This is accom- 
plished by extending the cabinet slightly beyond the rear panel of die instru- 
ment. When the rear ring assembly, with the feet attached, is installed and 
tightened down it compresses the cabinet and pulls on the main chassis mem- 
ber, stressing both ol them. This sltcss adds strength to the package. 

The best procedure for removing the cabinet is to put the front cover in 
place, set the instrument on the front cover and remove the six st rews holding 
the rear ring assembly. Four of these serve as mounting screws for the rear 
feet. The cabinet is then slid off vertically. When replacing the cabinet on 








earlier instruments, take care that the cabinet dears 
the components on the trigger- view board. In later 
instruments this circuitry is laid out on the trigger 
Ijoard. 

It would be well at this point to make sure the in- 
struction manual you are using matches the instru- 
ment you are servicing, Tektronix has always followed 
the policy of modifying the circuitry to improve per- 
formance and reliability as the occasion arises. Modifi- 
cation information is added in the back of the manual 
to keep it current with the instruments being shipped. 

The Power Supplies 

When a problem area is not readily apparent from front 
panel indications, a good place to start troubleshooting 
is the power supply. Temper arily-high line voltage 
sometimes causes the line fuse to blow. In instruments 
below SN B089000, circuits powered from the +120 V 
supply are protected from high line voltage by Q54 
(Q1514 in some instruments) , Should the line voltage 
exceed a given level, Q54 conducts placing a short 
across the transformer secondary and blowing the line 
fuse. When replacing the fuse you should use the speci- 
fied value to prevent damage to the circuits protected 
by Q54. If the line voltage in your facility lends to 
fluctuate in the upward direction you may set the line 
Range Selector Switch Bar to the high position. The 
front-panel low-line light will come on should the 
line voltage fall below the lower limit of the regulating 
range selected. 

Another problem you may encounter in the low- 
voltage supply is CR1512 shorting and taking out 
C1542. The cure for this is to remove CR1512, Do not 
discard this diode as it can be used in a modification to 
improve the high-voltage supply reliability. 

The high-voltage supply is often difficult for many 
of us to troubleshoot. Here are some hints on servicing 
these circuits in the 465, The first step is to isolate the 
problem area. There are three major areas of concern: 
the high-voltage oscillator and DOerror amplifier, the 
over-voltage protection circuit, and the secondary load 
including the CRT and the high-voltage multiplier. 
By disconnecting the appropriate circuit the high volt- 
age should come up. Try the following sequence: 

1, Remove the CRT socket — this eliminates the 
CRT, 

2, Disconnect CR 141 2— this eliminates the over-volt- 
age protection circuit. 

3, Remove Q1416 and place an 820 Q to 1 kn resistor 
between the collector and emitter pins. This 
allows zz 8 ma of turn-on bias current to start the 
oscillator. If this does nothing, replace CI416 and 
C14I9, (C1419 should be replaced anytime the 
high-voltage oscillator Q1418 is shorted.) 



If at this point the high-voltage reading at TP1425 is 
^-400 volts, the high-voltage multiplier is most likely 
defective. In newer instruments this can be quickly 
checked by lifting the dummy resistor that connects the 
multiplier ground. Arcing from this point to adjacent 
circuitry sometimes occurs when this ground strap is 
lifted. For earlier instruments you will have to remove 
the vertical preamp board and the multiplier cover to 
get to the high-voltage transformer and multiplier con- 
nection, Lift the transformer lead and CR1421 from 
the mounting post on the multiplier, connect them 
together and dress them away from the mounting post 
to prevent arcing across. If the negative high-voltage 
supply comes up now, the multiplier is defective. A de- 
fective multiplier will also sometimes cause high-volt- 
age fuse F1419 to blow. 

Another condition that can effect the high voltage is 
leakage in diodes CRI482, CR1488, CR1487 or CR1488. 
These are in the CRT grid bias supply and can turn 
the beam on hard or turn it off so you have no intensity. 
Another point to check is pin 12 on the CRT; this 
should be +150 V, Leakage in C1427 may pull this 
point down in some instruments between SN BQ80Q00 
and B130000, 

Check to see whether R1427, which parallels Cl 427, 
has a zener diode in parallel with it If not, your instru- 
ment doesn't have the high-voltage reliability modifica- 
tion and it should be installed. It consists of adding or 
changing just four components: 

1. CR1476 located near Q1474 should be replaced 
by CR15I2 which you removed from the low- 
voltage supply, 

2, A 0. 1 jtF, 200 V capaci tor should be added from the 
cathode of CR1476 to ground. 

8, A 180 V zener, Tektronix part number 152-0289- 
00, should be paralleled with R1427 with the 
cathode to ground. 

4. Lift the cathode end of CR1427 and add a 1,8 kQ, 
*4 W, 5% resistor between the cathode and the 
point to which it was soldered on the circuit board. 
This completes the modification. 

The Sweep Circuit 

The sweep circuit contains several feedback circuits 
and is difficult to troubleshoot unless you break the 
feedback loop. A convenient means of doing this is to 
pull the Disconnect Amplifier, Q1024. This causes 
one sweep to be generated and often provides a rapid 
clue as to what portion of the circuitry is in trouble. 

The horizontal amplifier circuitry is push-pull and 
can be checked by the usual method of shorting the 
two sides by means of a jumper. Another useful tech- 
nique is to swap transistors in each stage and see if 
the problem changes sides accordingly. 
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Fig. 2. A portion of the interface board showing location of 
the high voltage multiplier ground strap and other component*. 



The Vertical Amplifier 

If you have occasion to service several 465’$ you may 
note that some units have art integrated circuit output 
amplifier while others use discrete components. The 
front panel REAM FINDER control provides a rapid 
means of detecting trouble in this circuitry. Pressing 
the BEAM FINDER button should bring the trace on- 
screen vertically. II' it doesn't, look for the problem in 
the output amplifier circuitry. 



Moving to the preamp, one of the more elusive prob- 
lems you may encounter is an intermittent contact 
between transistors and their sockets. What usually 
happens, is the transistor is pullet! from the socket, 
tested and found to l>e O.K. When the transistor is 
put back into the socket, the problem disappears. 
The basic cause seems to be a tendency for the contacts 
to "wick up" rosin and solder during the automatic 
flow soldering process. A change has l>een made in man- 
ufacturing procedures to overcome this tendency. If 
you suspect that you have this problem, you can dean 
the socket with isopropyl alcohol, using a wire to 
loosen the rosin inside. A camel hair brush works best 
in applying the isopropyl and a syringe is handy for 
blowing out dirt particles. 



Another question often asked is how to get the tran- 
sistor pairs used in the preamp, properly mounted in 
their heat sinks. The easiest way is to first insert the 
transistors in their sockets and then slip the heat sink 
loosely over them. Next, extract the transistors and 
heat sink together by gripping the heat sink firmly with 
a pair of pliers, and pulling. Continue to hold firmly 
with the pliers while tightening the screw in the heat 
sink. Then reinsert the transistors in their sockets. 



While we’re in the preamp area, another condition 
sometimes occurs that appears lo be drift in the vertical 
attenuator compensation. In most cases this results from 
the technique used in making the adjustment. The 




Fig. 3. A portion of the interface board showing the high- 
voltage reliability modification installed. 



compensation capacitors have a spring that provides 
tension. When making die adjustment it will help to 
"rock it in" to remove the torque portion of the spring 
tension. Just overshoot the desired setting a little and 
then back off to the proper point. 

Mechanical Considerations 

One of the unique components used in the 465 is the 
cam switch developed by Tektronix. These are rel- 
atively trouble-free but occasionally require cleaning 
of the contacts. Isopropyl can be used for this purpose. 
Here again you will find a camel hair brush handy. 
Do not use cotton swabs as they are prone to snag on 
contacts, damaging them. 

Special rare is needed when working on the vertical 
attenuator cam switches. The polyphenylene oxide 
boards are brittle and easily damaged by using too 
much force when tightening the screws holding the cam 
switch. Two fingers on the screwdriver will provide 
enough torque. These boards also are easily damaged 
by heat so when soldering on them, use a small iron 
and get on and olF quickly. 

Cleaning the Instrument 

The same procedures and materials used to dealt other 
Tektronix instruments can be used for the 465. For 
washing the entire instrument a solution of one part 
Kelite to twenty parts water can l>e used. For spot clean- 
ing, especially in the area of the vertical attenuator 
boards, you should use isopropyl alcohol. Carbon-based 
solvents will damage the polyphenylene oxide boards 
used for the attenuators. This is also important to keep 
in mind when using spray coolants in this area. ^ 
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INSTRUMENTS FOR SALE 

360 Indicator, 126 Power Supply with cab- 
inet, $145. Robert Kaplan, Ebasco Services 
Inc., 2 Rector St., New York, NY 10006. 
(212) 344-4400. 

317, (2) 321A’s. Lindsay Acuff, Cleveland 
Electric Co., 557 Marietta St. 1 N.W., Atlanta, 
GA. 30313. (404) 524-8422. 

434 w/cart and accessories, unused. Roy Mad- 
ison, 1606 18th Ave., PO Box 1088, Tusca- 
loosa, AL 35401. (205) 345-2990. 

453A MOD127C in mint condition. $1750. 
Charles Boster, Box 2376, Apt. H-203, 635 
Baker St., Costa Mesa, CA 92626. (714) 
557-0792. 

453, three years old, $1250. Fred Lindsey, 
Vallejo, CA. After 5:00 PM. (707) 644-7037. 
503, good condition. $200. Ray Lefebrve, 
Electrical Eng., Louisiana State Univ., Baton 
Rouge, LA 70803. (504) 388-5241. 

514D (7) , 514AD, 511AD, 531 fair condition. 
Best offer. W. A. McConnell, Dutchess Com- 
munity College, Poughkeepsie, NY 12601. 
(914) 471-4500, Ext. 268. 

517, less power supply. Will trade for 530/ 
540 Series vertical plug-in. Dr. Shuster, Box 
U125, University of Conn., Storrs, Conn. 
06268. 

517A w/power supply, no cables. As is $135. 
Type B plug-in, 122 preamp, 280 trigger. E.C. 
Fether, 8713 Marble Dr., El Paso, TX 
79904. (915) 755-0226. 

527 Waveform Monitor, MOD 132. Thomas 
O’Brien, 2194 Coker Ave., Charleston, SC 
29412. (803) 556-8824 (home), (803) 792- 
3030 (business) . 

531A, $400; 533, $450; B, $50; CA, $165. 
Exc. condition. Kurt Dinsmore, Box 67, 
Richardson, TX 75080. (214) 271-2431 or 
(214) 238-0591, evenings. 

543B, 1A2 plug-in, good cond. $800 or best 
offer. Pat Young, (415) 654-6855. 

545A w/cart, 2 ea. Best offer. Neria Yomtou- 
bian. Master Specialties, 1640 Monrovia, 
Costa Mesa, CA 92627. (714) 642-2427, Ext. 
218. 

545A, RM 35 A, 1A1, CA and two ea. 541*s. 
Howard Baugh, Wyle Computer Products, 
Inc., 128 Maryland St., El Segundo, CA. (213) 
678-4251. 

547, 1A1, 1A5, like new, best offer. Paul 
Fincik, Automation Sys., Inc., 7031 Mar- 
celle St., Paramount, CA 90723. (213) 634- 
5810. 



INSTRUMENTS FOR SALE 

549, 1A1. Maurice Bruneau, Nashua Corp., 
44 Franklin St., Nashua, NH 03060. (603) 
883-7711, Ext. 506. 

549, $1000. Mike Surratt, OECO Corp., 712 
S.E. Hawthorne, Portland, OR 97214. (503) 
232-0161, Ext. 349. 

561A/3A75/2B67, like new. Jack Gerylo, 
5707 Santa Fe St., San Diego, CA 92109. 
(714) 453-4013. 

661/5T4/4S1, clean, like new. Want Collins 
30S1 linear or equiv. dollar value. Ed Val- 
entine, Top-O-Hill Rd., Wappingers Falls, 
NY 12590. (914) 297-3461. 

66I/4S1/5T1, excellent cond. Sell or trade 
for real time scope around 10 MHz. George 
Capasso, 25 Quarry Dr., Wappingers Falls, 
NY 12590. (914) 297-7538. 

3S7, 3T7 TDR plug-ins, never used. $950. 
Art Eberle, Columbia Gas Systems, 1600 
Dublin Rd., Columbus, OH 43212. (614) 
486-3681, Ext. 461. 

2B67 and 3A74 to trade for 3B3 or 3B4 and 
3A6. H. L. Beazell, 104 Key West Dr., Char- 
lottesville, VA 22901. 

202-2 Cart, $100; E Plug-in, $60. Neil Per- 
ing, 2803 Kipling, Palo Alto, CA (415) 321- 
2714 or Walt Sonnenstuhl, 41 Moraga Way, 
Orinda, CA 94563. 

C-31 Camera, excellent condition. Reason- 
able. Mr. Sinclair, 160 E. 84th St., N.Y., NY 
10028. (516) 234-0200 (days); (212) 861- 
9862 (evenings) . 

549 w/lAl. Bob Schmid hammer. Metric 
Data System, Rochester, NY. (716) 325-6550. 

515, good condition, $300, Hal Greenlee, 430 
Island Beach Blvd., Merritt Island, FL 
32952. (305) 853-9991 (business) , 636-0805, 
(home) , 

R5103N/D12, three 5A24N's. Almost new. 
Best offer. Maurice Asa, Box 2947, Rock- 
ridge Station, Oakland, CA 94618. (415) 
654-2665. 

2601, 26A1, 26A2, 26G3. John Foster, N/J 
Electronics, P.O. Box 577, Laramie, WY 
82071. 

211 (15). Richard Strickler, Storage Tech- 
nology Corp., 2270 S. 88th St., Louisville, CO 
80027. (303) 666-6581. 

TELEQUIPMENT DM64. new. $1,000 or 
best offer. Alpha Labs, Inc., 2115 No. Piedras, 
El Paso, TX 79930. (915) 566-2927. 



INSTRUMENTS FOR SALE 

C-27R Camera, Polaroid roll him back and 
bezel. Good condition. $375. (203) 848- 
8614 after 7:00 P.M. 

546 (2), like new, $1250 ea.; 543 w/CA, 
$750. Consider good cash offer. Ivan Sund- 
strom, 695 E. 43rd, Eugene, OR 97405. (503) 
686-2380 evenings, weekends. 

531A/CA/D. Wayne Siebern, St. Joseph 
Power & Light, 520 Francis, St. Joseph, MO. 
(816) 238-0025. 

516, excellent condition. $500. Dave Fried- 
man. (213) 837-3089. 

564 B w/2B67, 3A6, scope cart and C-27 
Camera, new. Also 585A with 53/54G and 
scope cart. 661 w/4Sl and 5T1 and scope 
cart. Excellent condition. Chemistry Dept., 
Univ. of Bridgeport. (203) 384-0711, Ext. 
382. 

(3) 51 OS’s. $450 ea, or best offer. Also (3) 
5B10N's, (3) 5A18N’s and (1) 5A2IN. Jon 
Orloff, Elektros Inc., 10500 S.W. Cascade Dr., 
Tigard, OR 97223. (503) 620-2830. 



INSTRUMENTS WANTED 

160 Power Supply in working condition. 
Prof. Winthrop Smith, U46 University of 
Connecticut, Storrs, CT. (203) 486-4918. 
321 A. Marvin Loftness, 115 W. 20th, Olym- 
pia, WA 98501. (206) 357-8336. 

422, 465 or any portable scope. H. O. Van 
Zandt, 18 Chandelle Dr., Hampshire, IL 
60140. (312) 683-3690. 

453 or 454. S. L. Shannon, G.T.W.R.R. 
Radio Shop, 105 Hampton, Battle Creek, 
MI 49016. 

520 or 520A. A1 Dodds, Applied Video Elec- 
tronics, Inc., P.O. Box 25, Brunswick, OH 
44212. (216) 225-4443. 

555 with time bases, C-12 or C-27 Cameras. 
A. C. Smith, Jr., High Voltage Lab., Cornell 
UniV., 909 Mitchell St., Ithaca, NY 14850. 

2-2A60’s. Darwin Carner, General Electric, 
3001 E. Lake Rd., Erie, PA 16501. (814) 
455-5466, Ext. 2635. 

2A63. Roy Schreffler, Box 531, Knox, PA 
16232. 

Plug-in vertical ampliffers for TELEQUIP- 
MENT D43 scope. Wm. A. Richards, 46 
Alderwood Lane, Rochester, NY 14615. 

TELEQUIPMENT D67, D85 . 453 or 422. 
Also 3B3 plug-in. Hal Greenlee, 430 Island 
Beach Blvd., Merritt Island, FL 32952. (305) 
853-9991 (business) , 636-0805 (home) . 
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A 1000 cm/us storage oscilloscope 




Gene Andrews 
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Fi S . 1. This nomograph shows a willing 
speed ot (000 cm/^.s will display a SI m 
rise time, SI cm in amplitude and a 100 
Mil/ sine wave of SX cm. 




Fig. 2. A stored display of a sine wave and 
step of equal maximum speed. Note rela- 
tive amplitude. 



J ust two years ago laboratory storage scopes with stored writing speeds from 
H)Q au/^is to 400 cm/^s were introduced. The fastest of these instruments 
could store single events having a risetime of 9 ns and 3.5 cm in amplitude. 
Now a new storage scope, the TEKTRONIX 7685, moves this performance up 
to 1000 cm/ pa to capture single risetimes of 3.5 m at an amplitude of 3.5 cm. 

To relate this performance to your measurements let's review the speed 
needed lor recording single sine waves and steps. 

Writing speed relationships 

For sine waves the maximum writing speed, WS, is measured in terms of 
frequency, f, and amplitude, A^, as in Equation 1, 

WS, TriAflj (1) 

WS X « k\ T T, (2) 

Equation 2 describes die maximum writing speed of ihc vertical edge of a 
pulse in terms of amplitude, A^ t and 10 —90% ruetime, T f , The value of k 
ranges from 0.8 for a linear ramp, to 2/1 for single-pole RC response. A k value 
of 1.0 is suitable for typical step responses limited by a few poles, 

A nomograph of Equations 1 and 2 is given in Figure 1, for the fO MH/ to 
100 MHz range. Note that a 1000 cm/^s stored writing speed can record a 100 
MHz sinewave 3.2 cm in amplitude, or a 8>5 ns risetime of 3.5 cm amplitude. 
From the nomograph one might say that 1000 cni/jus is 100 MJIz storage, 100 
cm/fxs h 10 MHz storage, etc (specifically for signals 3.2 cm in amplitude) . 

A sinewave and step of equal maximum speed are shown in Figure 2. The 
sinewave frequency is 70 MHz, and the step risetime of 5 ns corresponds to a 
system bandwidth of 70 MHz (from T r 0,35/1). The amplitude ratio, 
equals 8.5/ 3 .2. The displayed writing speed is: 

WS/y _ *-fAfu 

— 3,14 x 70 MHz X 6.4 div X 0,45 cm/div 
— 680 ClTl/^S 

Thus far we have neglecLed the horizontal, or time base, component of 
speed. In Figure 2, where the horizontal speed is one-sixth that of the maxi- 
mum vertical speed, only a 1% increase in speed results from including the 
horizontal component. If the time base speed is doubled, to one- third the 
maximum vertical speed, the increase goes up to 5%, These small corrections 
permit neglecting the horizontal component for most maximum speed 
considerations. 

Although sinewaves are not typical of signals we normally record, they are 
used for speed verification for a couple of reasons— an accurate speed is easily 
set up by selecting frequency and amplitude; and speed through an area is 
verified in a single pass since the maximum speed occurs twice each cycle. 

Now that we can relate the writing speed of the scope to the signals it will 
capture, let's look at the operation of the storage at used in the 7683. 
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The transfer storage crt 

The crt used in ihe is, in principle, a transmission* 
modulation reading direct- view storage tube* In more 
common terminology we know it as half tone transmis- 
sion storage or variable persistence storage. One of the 
undesirable characteristics of die halftone transmission 
storage tube is Lhai unwritten areas of the storage 
target begin to lade positive due to positive ion gen* 
era don in the flood electron system of the tube. As a 
result, after a few minutes, signals can no longer be dis- 
tinguished from tlie bright background. 

To overcome this limitation in view time, we have 
added another storage target to the conventional half- 
tone storage tube (see Figure 3)J The two targets are 
called the fast target and storage target, respectively. 



The image is first written on the fast target and is then 
transferred to the storage target which, by proper selec- 
tion of operating voltage, can be operated in cither a 
variable persistence mode or a bistable mode. In the 
bistable mode the image can be stored until you choose 
to erase it 

Perhaps at this point we should clarify the use of 
the terms "variable persistence” and "half tone*" The 
crt can display shades of gray, but since both the instru- 
ment and the crt are optimized for high-speed variable 
persistence performance rather than multi-tonal per- 
formance, “variable persistence" is the more appro- 
priate term. 




] he 763$ Stoiagc OHrftkwspc 
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rift £, The transfer storage tube contains two storage 
targets to achieve fast writing speeds with long viewing 
times. 

Writing speed and view time 

There is a direct relationship in? ween writing speed 
and view lime* To better understand this relationship 
let's look at the factors determining the writing speed 
of a storage at as shown in Equation 3* 



WS — 



(W TW)(H) 
<AV) (C/A) 



0 ) 



Where: 

WS is stored writing speed* 

l b /TW is the current density at the target— beam 
current, l fct per trace width, TW. 

(6-1) is the net positive electron charge for each elec- 
tron arrival— secondary emission yield, S, minus 
the arriving electron. 

AV is the minimum voltage change on the target sur- 
face that results in writing for the specified area. 

C/A is the capacitance of the target surface to the 
target mesh per unit area. 

For further discussion* the parameters aV and C/A 

are combined to A VC/ A, the charge sensitivity of the 

target. 

We noted earlier hat view time is limited by the num- 
ber of residual gas atoms near the storage target, being 
ionised by flood electrons and collecting on the target 
surface charging it positive. The signal waveform 
"washes out" as the background increases in bright- 
ness until the signal can no longer be seen* The faster 
the writing beam moves across the target, the less the 
charge placed on the target, and the more rapidly the 
trace is obscured by ion activity* 



Trading writing speed for view lime 

Figure 4 shows some of the writing speed versus view 
time trading to be made in using a given variable 
[persistence scoj>e anti in choosing a particular ert target* 
Note that a range of writing speed and view times are 
available. At the highest writing speed we see the 
sensitivity limit where it is no longer possible to achieve 
more speed by accepting less view time. 
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Fig* 4* Graph showing writing speed vemit viewing Lime 
for two different storage targets. 



The operating point along the WS and VT curve is 
determined by the storage mesh voltage. The storage 
level control, a front-panel control on TEKTRONIX 
variable persistence scopes, permits you to move down 
die curve by decreasing the storage mesh voltage, for a 
longer view time as less writing speed is needed. 

As the fast target curve in Figure 4 suggests, it is pos- 
sible to make targets with higher writing speeds. How- 
ever, when this sj>eed increase is a result of improved 
charge sensitivity, the rate of positive ion charging h 
increased and the view time suffers proportionately , 

The charge sensitivities of the fast and storage tar- 
gets in the 7633 ert are 5 picocoulombs/cm 1 and 300 
picocoulombs/cm 1 * respectively, giving the fast target 
a 100:1 charge sensitivity advantage* Looking at the 
fast target performance in Figure 4 we see a writing 
speed above 1000 cm/^s can be achieved. But the view 
time is below 1 second — much too short for useful 
viewing. It is evident wc have traded too much view 
time for writing .speed* 
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Transfer, don't trade 

This is where the transfer technique becomes useful. 
During the 0.1 second following waveform capture by 
the fast target, the image is transferred from the fast 
target, to the storage target. A gain of about 10O0X in 
the stored charge image accompanies this transfer. Now 
at the fastest writing speed of 1000 cm/^s wc have a min- 
imum view time of at least 30 seconds which is more 
than adequate for most high-speed applications. 

New modes, new speeds 

The fastest stored writing speed of the 7623 storage 
oscilloscope introduced in mid- 1972 is 100 an/ps (200 
on/iis for Option 12). Using basically the same ert, 
how is writing speed increased to 1000 cm/^s? This is 
accomplished with two new modes of operation— re- 
duced scan selection and fast variable persistence. 

hi the reduced scan mode, the operating voltage on 
the ert write gun is increased from 1500 V :o 3000 V. 
Referring to Equation 3, l b /TW increases by about 
2.5X and 3-1 is higher by about 1.6X for a total increase 
in speed of 4X, The useful display area is 8 X 10 div 
(.45 cm /div) in ibis mode. 

Operating the storage target in the fast variable per- 
sistence mode rather than the fast bistable mode as in 
the 7623, provides a speed improvement of iX. Refer- 
ring again to Equation 3, die AV of the fast target is 
reduced by 3X due to Lhc new operation of the storage 
target. This is because less change is required for stor- 
age, and gray scale signal levels are not discarded. 

Combining the reduced scan with fast variable |>er- 
sistence, a typical speed increase of 12X is realized over 
the full-scan, fust bistable mode of operation. 

The 7633 storage controls 

To conclude our discussion lei's consider briefly the 
from panel controls far the 7033 (See Figure 5) , A set 
of three push buttons selects display inodes of NON- 
STORE, STORE and SAVE, The SAVE mode has 
three uses; 

1) To prevent loss of the captured signal. Erase and 
sweep cycles are locked out in this mode. 

2) For extended retention of the variable persistence 
displays. Turning the SAVE INTENSITY down 
reduces the flood electron current and extends the 
view time in proportion to the reduced intensity. 
Jt can be turned off for hours of retention, 

3) To set up a “babysitting-' 1 mode which will auto- 
matically give the above two performances after a 
future event. The “Babysitting' 1 mode is entered 
by pressing the SAVE push button after ERASE. 

Another set of push buttons selects storage modes of 
FAST, VAR PERSIST and BISTABLE. Note that the 




Fig. 5* Fmni panel controls permit I choice of siorage 
modes and opcnititig conditions for optimum performance 
on your application* 

PERSISTENCE and ERASE controls are located to- 
gether and provision is made lor periodic erase. This 
can be used in three ways; 

1) To periodically erase independent of the number 
of waveforms stored during the period. 

2) To accept one waveform lor each erase period 
(time base set to single sweep) , 

3) To erase at die end of sweep (or sweeps). The 
|xniod is adjusted to end during die sweep and 
die erase cycle is delayed to the end of that sweep. 

The STORAGE LEVEL control, us mentioned pre- 
viously, permits m to decrease die storage mesh voltage 
for longer viciv times as less writing speed is needed. 
'The FAS l LEVEL CENTER ad justment is provided 
to separately adjust the fast mesh voltage for the de- 
sired tracking of the STORAGE LEVEL on the lwo 
meshes. 

The REDUCED SCAN swiii h operates independent 
of the display and storage modes and permit* c hoosing 
lull-scan operation when the last 4X writing speed in- 
crease is not needed. It is also convenient to set up the 
reduced scan display in nomtore before going to storage 
operation. 

All of 1h@ 7000 Series advantages 

In addition to high-speed versatile storage, the 7633 
offers alt of the advantages of the 7000-Series OsciL 
loscopes. Crt readout is standard equipment and you 
tan select from 30 different 7000-Series plug-ins to 
“c ustom tailor" the instrument to your job and expand 
its capabilities us the need arises. 

Ac knowled gm ents 

The author thanks everyone on the 7633 project for 
their dedication in making this a significant product. 

I , ‘Three New In* mi run us* Three Kintli itl Sinraie'" Tekscope, July, 1972. 
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Using your 

oscilloscope 

probe 




This is the first at' a two-part article which d iscusses oscilloscope probes, what 
happens when you attach them to your circuits, and some of the advantages 
offered by active probes and current probes- Part I deals with the type of probe 
familiar to most of us— the passive voltage probe. 




PARTI The passive voltage probe 



S eeing is believing. Or Is it? No doubt there have 
been times when the signal you viewed on your 
osri]loscoj>c didn't measure up to what you expected. 
After thoroughly checking out your circuitry you 
turned a suspicious eye on the scope— but did you stop 
to consider the probe? 

The function of the ideal probe is to couple the signal 
of interest to the oscilloscope without affecting the 
signal source or the signal waveshape. As is often the 
case, the ideal probe for every measurement doesn't 
exist However, a knowledge of probe characteristics 
and how they afFect the circuit under test will help you 
approach the ideal for your particular application. 

The passive probe is, by far, the most common type in 
use today and provides the greatest convenience for 
general purpose work. It is also the least expensive. The 
term "passive" is used to distingrush this type of probe 
from one that uses active devices, such as FETs, to 
achieve high input impedance and low input capaci- 
tance, even in a IX mode. 



Kil 5 mV 




Passive probes come in a variety of sizes and shapes, 
with differing characteristics. The typical probe con- 
sists oi a probe assembly, a ground lead and a shielded 
cable equipped with a suitable connector For the oscillo- 
scope input. Most probes feature interchangeable tips 
and ground leads for easy connection to various test 
points. A unique feature of most Tektronix probes is 
the Tektronix-pa tented coaxial tabic with a resistance- 
wire center conductor. This distributed resistance sup 
presses ringing due to the mismatch between the cable 
and its terminations, when viewing fast pulses on wide- 
band oscilloscopes. 

Probes load the circuit 

Low and medium frequency oscilloscope inputs arc 
usually one megohm shunted by 8 to 50 pF of capaci- 
tance. Many instruments with bandpass above 200 M Hz 
have a 50-ohm input impedance and some have both a 
50-ohm and one-megohm input. 

When the scope is applied to the circuit under test, 
the input capacitance and resistance loads the circuit 
and may alter the signal to be viewed. Sometimes, the 
loading alters the operation of the circuit itself. These 
loading effects can be minimized by using an appropri- 
ate probe. If die signal amplitude permits, an attenu- 
ator probe can l>e used, reducing both dc loading and 
capacitive loading. Figure I shows a schematic repre- 
sen ration of an attenuator probe and oscilloscope input. 
The probe and scope input essentially form an RC 
divider. Since R, C| must equal R* C 2 for equal attenu- 
ation at all frequencies, we can sec that as R, increases, 
C| must decrease. Thus, the capacitance at the probe tip 
can be reduced by going to higher values of attenuation. 
Common probe attenuations are XIO and X 1 00, with 
some probes having provision to switch between XI and 
X10* Others have plug-on attenuators covering a wide 
range of attenuation from XI to XI 00, 

Now, just what changes occur when we attach a 
probe, how will these changes affect the signaJ, and can 
wc determine die desired information from the display? 
One of the primary considerations in determining what 
the probe will do to the signal arid circuit under test, is 
the impedance of the signal source. In modern t in uiti y 
source resistance varies from a fraction of an ohm to 
greater than hundreds of ku and source capacitance 
from l j>F to greater than 100 pF. To minimize probe 
loading effects, a low impedance test point should be 
selected for viewing when possible. 

Two types of signals should be considered when deal- 
ing with probe loading effects: (l) pulse or step-func- 
tion sources dealing with amplitude, risetime (4) and 
transient response; and (2) sine wave sources concerned 
with amplitude and phase relationship distortion. 



Measuring pulse signals 

Let's consider what happens to a typical pulse signal 
source (Figure 2 (a) when we apply a probe. If the 
generator had a t r of 0, the output would be limited 
by the integration network of R, and C, and would be 
equal to 2,2 or 8.8 ns. if a typical passive probe, 
such as the PftOSlB (10X, 9.5 pF» 10 MQ) is used to meas- 
ure this signal, the probes' input capacitance and resist- 
ance are added to the circuit (Figure 2 (b) ) . Since R p is 
>>K |( may be disregarded. Using the rise time for* 
inula, 2.2 R t (C,+Cj) , the circuit risethne, becomes 
13 ns. The loading effect of the F6053R to this signal 
source is the percentage change in rise time: 

t- a — t,, 13 ns — 8.8 ns 

— — — X 100™ -48% 

t* 8.8 ns 

The percentage change that results from adding a pas- 
sive probe to ih.s pulse source is directly related to the 
capacitance added. The calculation to determine the 
amount of change in risetime would be: 

CL 9.5 pF 

C, 20 pF /0 

This is a valid approach if the probe resistance, R pf is 
large when compared to the source resistance. 

Now let's see what happens if we use a probe sudi as 
the P6048 (10X, I pF, 1 kn) to measure diis same signal 
source. In this instance R p is not ten times greater than 
R, and must be considered* R p and R, form a dc di- 
vider, reducing the amplitude anti modifying the source 
impedance. Using Thevenin's theorem a new generator 
source voltage and a new source resistance (Figure 2(c)) 
is calculated resulting in: t r3 7 2.2 K z (C,+C p ) = 7,7 ns. 
Note that in relating this rise time to the rise time of 
Figure 2(a). our original circuit, the FG048 caused a 
change from 8,8 ns to 7.7 us. The percentage of change 
is less than that caused by the P6053B. 

7.7 ns — 8.8 ns 

Percent change™* X1G0 = — 12% 

8.8 ns ' 



It is interesting to note that rati ter than degrading the 
signal by slowing the risetime, the probe modified the 
source resistance and decreased the risetime making it 
faster than it should be. But take a look at the output 
amplitude: it has been decreased to 83,8% of the value 
without the probe, due to the voltage divider formed by 
R p and R t . In the first example, there was no change 
in the signal source amplitude when the probe was 
applied 

And so w p e see that the choice of probe depends to a 
large extent on which signal parameter we desire to 
measure. Low capacitance is desirable when measuring 
rise lime, but high resistance is more important when 
measuring amplitude. Choosing a low impedance test 
point is desirable for both risetime and amplitude 
measurements 
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Measuring sine wave signals 

Now lei s consider the effects of using the same probes 
and the same source resistance and capacitance, with 
the generator supplying sine waves rather than pulses, 
Here ivc will be concerned with amplitude changes and 
phase relationships. 

We should keep in mind that the specified probe 
input capacitance and resistance, e g*, 10 Mq and 1 0 pF, 
were measured at dc or low frequency (<I MHz) . How- 
ever, as signal frequency increases, the equivalent probe 
input impedance changes. Figure 4 shows how the 
input X p and R p of the F605SB probe change with 
frequency, 

liCt's assume a source frequency of 10 MHz and a 
generator voltage of one volt, and see what the source 
output voltage will be before any probe is applied (Fig- 
ure 3 (a) ) . We see that E pul of the source only, is 97% of 
the generator voltage. Now let’s apply the Ffi053B 
(10X, 9,5 pF, 10 Ma) probe and sec the effect on the 
source voltage, (See Figure 3(b)). From Lie graph in 
Figure 4 we find that R p is 40 kQ and X p is 1.7 kll. Since 
R P is >>R t , it can he disregarded in the calculations. X p 
is in parallel with X g giving us a total reactance, X c *, of 
545 fl. From Figure 8 (b) we see that with the P605SB 
applied; the source output voltage has decreased io 94% 
of i he generator voltage. This represents a 3% change 
from the unloaded source output voltage. 

Now let's see what happens to the source voltage 
when we apply the P6048 (10X, 1 pF, 1 kQ) probe. {See 
Figure S (c) ) - Since R p is 1 kfl and <; 1 0R t , we must con* 
skier it in our calculations as in the case of the pulse 
signal source. X p is 16 ko and in parallel with X* result* 
ing in X ct of 760 fl. Wc find that with the PGQ48 applied, 
the source output voltage is 81% o! the generator volt- 
age, for a change of 16% from the unloaded source 
voltage. 

Comparing Figures 2(b) and (e) with Figures 3 (b) 
and (c) , we can see that for rise time measurements, the 
low-capacitance PG018 yields better accuracy than the 
P6053B, while for sine wave amplitude measurements 
the dc loading of die P6048 causes a larger error than 
the capacitive loading of the P6053B. Note from Figure 
2 (c) that the P6048 also causes a substantial amplitude 
error, 

Phase relationships 

Since most attenuator probes have a capacitive element 
it is evident that the probe will introduce phase shift in 
the signal being viewed. Source inqiedanre is an im- 
portant factor in determining the amount of phase shift 
that occurs. For example, consider an amplifier driven 
from a 10 MHz, 50 q source and having an output im- 
pedance of 2 kfl. [Set Figure 5(a)) . Let’s look at the 
input and output using two 10 Mo, 10 pF probes. Re- 



ferring to Figures 5 (b) and (c) we see there is a differ- 
ence in phase of about 49° due to the impedance 
difference in the points being measured. 

Now let’s look at the same two points using two 1 ko, 
1 pF probes, (See Figures 5 (d) and (c) ), The phase 
difference has been reduced to about 2 a , However, the 
1 kil probe causes a fi7% signal loss tine to resistive load- 
ing. Depending on the application, it may be desirable 
to select a probe which offers a belter compromise be- 
tween phase shift and signal loss, or we may use a differ- 
ent probe for the respective measurements. 

Summing it up 

From this brief discussion we can sec that what seemed 
a relatively unimportant part of our measurement sys- 
tem, actually determines to a large extent what we see 
displayed on our oscilloscope screen. All probes do not 
have the same effect on the signal And one probe is not 
the ideal for all measurements. 

Here are some general rules we can follow to make 
better measurements when using a probe: 

L Always check the probe compensation on the oscil- 
loscope being used to make the measurement. 

2, Choose the lowest impedance test point possible 
to view the signal 

8. When making rise time measurements: 

a. Choose a probe with R anil C as low as possible. 
!>. Scope and probe risetimc should be short rela- 
tive to the signal risetinie, 
c. Observed riseiime h approximately equal to 
the square root of the sum of the squares of all 
the risetimes in the system. These rise times in- 
clude the rise time of the signal source, the speci- 
fied probe risetimc, the specified scope risetimc, 
anil the calculated risetimc of the scope /probe 
input system, including the effect of the source 
impedance. 

4. When making amplitude measurements: 

a. For sine wave measurements, choose a probe 
which has the highest input impedance at the 
frequency of interest. Remember, loading error 
changes with frequency, 

h. For pulse measurements, choose a probe which 
has a large input resistance relative to the 
source impedance. Input G is of no concern if 
pulse duration is about live times longer than 
the input RO, 

In the second part of this series we will discuss active 
probes and current-measuring probes. White not as 
widely used as the passive voltage probe, they provide a 
valuable extension to the signal measuring capabilities 
of your oscilloscope, V 
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Fig, 5 (b), Phase shift caused by applying PfiOSUB probe to 
the amplifier Input. 




Fig. 5 (c), Phase shift caused hy applying F6GG3B probe to 
the amplifier output. 
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Fig. 5 (d). Phase shift caused by applying PfiO-lS probe to 
the amplifier input. 
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Teknique 

Bob Bevitle 

Triggering the 
oscilloscope from 
logic signals 

T he triggering circuits of conventional oscilloscopes 
leave much to be desired when attempting to ana* 
1 y zc logic signals. While die dual triggering afforded by 
delaying sweep operation permits you to view long 
pulse trains in detail, it doesn't fully meet the needs 
associated with nuiking digital measurements. 

Logic designers will recall that in designing digital 
circuits it is routinely necessary to construct frame 
pulses, index pulses or other event-signifying markers to 
initiate specific circuit functions. These signals make 
ideal trigger points for die test oscilloscope and are 
often made available ior that purpose. Sometimes spe* 
cial trigger- trap circuits are designed into the equip- 
ment expressly to facilitate servicing. Field engineers 
servicing a piece of malfunctioning digital machinery 
resort to such items as extender cards, laidi cards and 
word- recog 11 it ion circuits to construct a "trigger trap" 
near, in time, to the point they wish to observe. 

One of the techniques used in troubleshooting digital 
circuitry is appropriately called "babysitting/' This 
usually employs the single-sweep feature of an oscillo- 
scope to indicate, circuit block by circuit block, that the 
equipment is functioning to that point. It is a time-con- 
suming procedure and yields marginal information. 
Another technique, equally time-consuming, involves 
single-stepping the machine dock and recording ihc 
status of input and output functions. 

Such needs and techniques as these have led digital 
designers and service personnel to request digital trig- 
gering features on their oscilloscopes — feature* that 
accommodate the many special problems of digital de- 
signing and troubleshooting. 

A Belter Way 

The new TEKTRONIX 821 Word Recognizer is de- 
signed to meet just such needs when working with 
Transistor-Transistor Logic (TTL). It is a small in- 
strument powered from the probe-power outlets of the 
7000 Series, 175 or 185 Oscilloscopes, or five- volt logic 
supplies. The 821 contains a four-input AND gate, a 
babysitter flip-flop, and Light-emitting diode (LED) 



input and output indicators. A 50-ohm TTL output 
permits cascading up to four 821/s to achieve a word 
length of 16 bits. Strobing ability is included. And a 
front-pane) switch changes the function of die unit from 
word recognizer to that of logic driver. 

Serving mostly as an AND gate, the 821 has four 
color-coded input probe leads for connecting to the 
desired logic points. The Word Selector switches, one 
for each input, select the logic level: positive TRUE 
(!) , negative TRUE (0) or an off position labelled 
"X M for 'don't-care' situations or applications requiring 
less than four inputs. The output of the 821 is a TRUE 
TTL level at 50 ohms, ideal lor externally triggering 
an oscilloscope. 

As with any AND gate, the 821 output remains 
TRUE for as long as the inputs comply with the se- 
lected switch pattern. The leading edge is die triggering 
edge in most cases. The output will fall following the 
first input that disables the AND gate, indicating the 
AND function is over. This is useful in some applica- 
tions. For example, in a 4-bit binary counter, the only 
unique triggers normally available are at the count of 8 
or 1G (carry) . With the 821, a trigger can be derived on 
each of the counter states. See Figure I. 




Fig. 1, The 821 connected in a 4-hii tint iiicl and set to tiui- 
pui at the count of nine (1001), Bottom three waveform* 
show output of 821 set at 10(H, UXJX and XXII. 
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Expanded bit capability 

Since die output is TTL compatible! 82 Is can behave 
as TTL components if desired An 821 then* can be used 
to drive another 821. Should an application requiring 
more than four inputs arise, such as on tape readers, 
printers, teletypes, terminals or other byte oriented ma- 
chinery, the ability of one 821 to enable another would 
be useful. An input called EXPANDER INPUT is pro- 
vided for this mode* When this input is left discon- 
nected or driven TRUE by a positive TTL level from 



another 821 or other TTL logic, the AND function k 
enabled. This is valuable in constructing the 8-input 
AND gate. The output o! the first 821 provides the err 
aiding signal to the second 821, provided the first 821 
performs its portion of die eight-bit AND function, 
This configuration is useful in triggering on control 
characters, escape characters. End of Block, or any 
ASCII character that is set. into the Word Selector 
switches, See Figure 2. 




Fir. 2 , Two K2Ts connected iii EXPANSION configuration perform an eight-input l rigger trap- 
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The status Indicators 

Activity on the output of the Word Recognizer is shown 
on the front panel bv an LED indicating the occurrence 
of the selected word. The LED remains on if the input 
word is quiescently at the word being recognized. 

The logic states of each input is indicated by LEDs 
above the respective Word Selector switches. Each 
input, through a buffer, is applied to a bistable latch* 
The status-indicator LEDs are connected to the latch 
outputs and normally follow the input levels. Dynamic: 
inputs are indicated by the flashing on and off of 
these LEDs. Static conditions are displayed, as arc se- 
quenced conditions such as those experienced when 
operating digital equipment in single-clock-single-in- 
struction mode. The 821 can also acquire data presented 
in parallel format. In this mode, the STROBE INPUT, 
with suitable choice of sirolx* polarity, can be driven to 
capture and store the input's status. See Figure 8, 
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Latch on to the affirmative 

A feature to assist troubleshooting techniques such as 
"babysitting" monitoring and single-clock-single-in- 
struction operation is the WORD LATCH, In this 
mode the output of the 82 1 (ind its LED indicator) 
will go TRUE if the expected word comes and sets a 
flip-flop internal to the 82 L Figure 4 illustrates this 
application. 

Using the WORD LATCH in conjunction with the 
EXPANDER INPUT the 821 becomes a multipoint 
condition indicator. An 821, in conventional WORD 
mode, enabling another B21 in WORD LATCH mode, 
becomes an 8-input latch. Two 821's in WORD 
LATCH mode, each applied to the same Jour points, 
one enabling the second, can indicate if one four-bit 
word preceded another. 

Measuring time between non-adjacent words 

Occasionally we find it useful to measure the time dura- 
tion between two non-adjacent words or timing points. 
The WORD LATCH RESET feature is applicable 
here. As illustrated in Figure 5, the WORD LATCH 
would beset by the first word, A second 82 L outputting 
on the second word, is applied to die WORD LATCH 
RESET of the first* The WORD LATCH output wave- 
form then will be set from die time of the first word 
until the second* This waveform can then be observed 
on a scope or applied to a universal counter in Time 
Interval mode* A push button is provided for manually 
resetting the latch. 
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Fig, 4, An 821 in WORD LATCH modes lets amt remaim 
sei once it rccogtikci the dciirnl word. 
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Display the negative 

Vet another mode of the Word Recognizer is the ability 
to be strobed to determine i£ the word present on the 
inputs is the desired word or not* This is useful when 
the desired word, a known pattern of bits, is subject to 
occasional faulting or dropouts* When the word pattern 
is good, the circuit must not be misbehaving, hence 
there is no object in triggering a scope to observe good 
information. The STROBED WORD (not WORD) 
function, in dfect, interrogates the AND gate and de- 
termines at the strobe time if the inputs have indeed 
AND'd and conform to the pattern of bits set by the 
Word Selector switches. On the outcome of this deci- 
sion: “Do the inputs and Word Selector switches mis- 
match?* 1 , tiie 82 1 output will go TRUE signifying “YES, 
they do mismatch” or remain FALSE, indicating a 
match was found* This configuration will be useful 
around sector preamble decoders and similar READ 
oriented circuits* Also malfunctions of circuits being 
subjected to temperature or power supply tole ran ring 
can be observed in this mode. 



Again, the expansion mode for strobing more than 
four inputs is applicable* it is required that only the 
last 82 1 be placed in the STROBED WORD mode and 
is the only one that need be strobed. The 82 Ts before it 
are in the conventional WORD mode because of the 
'pass it on J nature of the expansion configuration. This 
application is shown in Figure 6. 
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Fi#. 5* A pair ol ! Sill's can construct a gate waveform from 
tilt' occurrence of one "word** to another, foi measuring 
1 lie time interval between them, 



The 821 can serve as more than just a source for ex- 
ternally triggering scopes. Other applications attendant 
to, or independent of, triggering a scope sweep are: 
deriving the EVENTS START signal for 71)11 Digital 
Delay or DD 501 Digital Delay plug-ins; and deriving 
the START (A) or STOP (A,B) signal for universal 
counter mcasu remen tS using the 7D15, DC 508, or DC 
505 Universal Counter plug-ins. 

The 821 as a logic driver 

Thus far \ve have discussed the 821 as a word recognizer. 
Switched into the DRIVE mode, the input probes of the 
821 become outputs capable of driving up to six TTL 
loads each. This is useful in situations where inputs arc 
to be manually stepped through their logic truth tables* 
The Word Selector switches determine the levels of the 
driving outputs, 1 for HIGH or TRUE, 0 for LOW or 
FALSE. The "don't care' (X) position opens that par- 
ticular probe line* The LED status indicators, as do 
the Word Selector Switches, show the word chosen* 

Summary 

Some problems and methods of troubleshooting digital 
circuits have been discussed* The success oi some tech- 
niques require the ability to contrive the proper trigger 
signal in order u> look closely at the problem. A few 
applications using the 821 Word Recognizer to con- 
struct a more desirable trigger were described* The 
82 J should help solve untold numbers of triggering 
problems and speed isolation of the actual equipment 
malfunction. 
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Servicescope 

Servicing the 

TELEQUIPMENT D67 
oscilloscope 

T he 1X57 is manufactured in England by Tcl- 
equipment, a wholly-owned Tektronix, Inc. sub- 
sidiary. It is a low* cost instrument featuring dual trace, 
delaying sweep o|je ration and a bandwidth of 25 MHz. 

If you are unfamiliar with the TELEQUIPMENT 
line, it would be well to take a few minutes to review 
the front panel controls* Most of the controls and oper- 
ating inodes are similar to those you find on TEK- 
TRONIX instruments. The vertical consists of two 
channels with alternate, chopped and summing modes 
and each channel can be turned on or off independently 
by push buttons. Note also that you can select die trig- 
ger from channel I, channel 2 or both. 

Moving to the trigger mode sec lion for A sweep you 
will see a couple of modes that may be unfamiliar— TV 
F and TV L. These are used when viewing composite 
video signals and permit you to trigger at the frame nuc 
or the line rate. When not viewing television signals the 
normal mode of operation is to depress the INT and + 
slope buttons, leaving the top three buttons out. The 
LEVEL control selects the level at which triggering will 
occur and turning the control fully counterclockwise 
puts you in the AUTO triggering mode* Pulling out the 
Variable Timc/CM control will give you a free running 
sweep, 

'T'he horizontal section is comprised of A and B 
sweeps. The A sweep is the main or delaying sweep* 
while B sweep serves as the delayed sweep. The sweep 
to be displayed is selected by two front panel push but- 
tons. With both buttons out, only A sweep is displayed. 
The displayed sweep can be magnified by pulling out 
on the FINE position control. This is a 5X magnifica- 
tion of the center two centimeters of the display. With 
either the A intensified by B or H Delayed push button 
depressed, you must have A sweep running and the B 
sweep Variable Time /CM knob pulled to the Non- 
Gated Delay position to enable B sweep to run* (If you 
are feeding a trigger to B sweep the variable does not 
have to be in the Non- Gated Delay mode.) 
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Now that we're acquainted with die front-patid con- 
trols, let's make a quick check of the control settings 
before turning on the instrument. Depress both CH I 
and CH 2 push buttons to turn on both vertical chan- 
nels and depress I NT TRIG push button for channel 1. 
Make sure both horizontal DISPLAY buttons are out 
(A common mistake is to have B Delayed push button 
depressed.) Set A sweep T1 ME/CM to .2 ms, pull out 
the VARIABLE knob and set the LEVEL control 
counterclockwise. The INT trigger mode button should 
be depressed. Set die ASTIG, FOCUS and BRIL- 
LIANCE controls to center position and you're ready 
to turn on the scope. You should have two traces on 
screen. If you only have one trace and CH 2 position 
control has no effect, check Lo see that either the CHOP 
or ALT button is depressed. The CH 2 position con- 
trol does not function in the SUM mode. 

It would he helpful at this point to apply a known 
signal to die vertical inputs and check out the various 
controls and operating modes. Tim will give you a 
quick picture of the condition of the instrument and 
often provide duo to circuits that may be in trouble. 

A look inside 

Now let's take a look inside the D67 and locate the 
adjustments we will be tweaking during calibration. 
The side panels are easily taken off by removing the 
two screws in the tarrying handle and pulling the 
panels away and down from the instrument* Note that 
the transistors are mounted in sockets to facilitate serv- 
icing. The TIME/ CM switches for A and R sweeps are 
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convenient "landmarks” for locating the circuitry as- 
sociated with the respective sweeps and you will find 
the adjustments marked on the printed circuit board 
by symbol number. 

Check the power supplies 

Before starting cur calibration we should check the 
power supplies. There are three regulated supplies; 
T 12 V, — 12 V and +115 V. The high voltage is —1450 V 
with an tin regulated +8.5 kV to the anode. Make sure 
the voltage selector plug on the back of the instrument 
is set to most nearly correspond with the actual line 
voltage. Then set the power supplies to their proper 
value in the following order: +12 V, —12 V, +115 V 
and —1450 V. The +8,5 kV should be checked but does 
not have an adjustment. Ripple on the low voltage 
supplies should be less than 10 mV and should be 
checked with the A sweep TIME/CM control in EXT 
X position. 

A trigger set up 

Since the triggering must be working properly to cali- 
brate the rest of tlie instrument, it should be set up first. 
Set the D67 controls as fol low's: 

A TIME/ 1)1 V to EXT X 
B TIME/D IV to OFF 

A and E LEVEL controls to AUTO (full ccw) 

All push buttons to OUT 
C H 1 and CH 2 inputs toGND 



Connect a test oscilloscope with 10X probe to test point 
124 located beneath the A TIME/DIV switch on 
printed circuit board PC75, Scl the test scope vertical 
sensitivity to 5 mV/div and the sweep rate to 10 ras/div. 
The adjustments are R!2 and R33 located just below 
the A TIME/DIV switch. Turn R33 fully counterclock- 
wise and set RJ 2 to the approximate center of the range 
in which an oscillation is observed on the test scope. 
(Note which direction you are turning RJ2 when the 
oscillation appears.} If you want to check the oscilla- 
tion, speed up die test scope TIME/DIV and notice 
the frequency is about 1 MHz. Reset the test scope 
TIM K/1MV to 10 ms. Every movement of R12 and R33 
should now be very slight, Turn R33 clockwise until the 
oscillation just disappears. Turn RI2 in the direction 
noted in parenthesis until die oscillation appears again. 
Then turn R33 clockwise slightly until the oscillation 
again disappears. Repeat these two steps until a tri- 
angular waveform of about 20 to 40 Hz appears. Care- 
fully adjust RI2 and R83 until the waveform is a 
symmetrical triangle approximately 70 to 75 mV peak- 
lo-peak in amplitude and at a frequency between 20 -40 
ID. The ideal frequency is 30 Hz. (See Fig. 1) 




Fig 1. Typical waveform at TIT24 when RI2 and R33 arc 
properly adjusted. 




Fig. 2. Front-panel sawtooth output with proper holdoff 
adjustment. 




Fig* 4. Appearance of trace wit He set ling sweep 11 stability 
and hold off. Bright spot is caused by disconnecting link 
from TP 1 55. 
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Horizontal amplifier balance 

Before setting the hold off, the horizontal amplifier 
should be balanced* Set the A TIME/D! V switch to 
EXT X position* Connect a DC voltmeter across the 
collectors of TR277 and TR278 and adjust horizontal 
position and FINE controls for a meter reading of 0* 
Now put the negative lead to ground and the positive 
lead to the collector of TR278 and adjust R297 for a 
rcadingof approximately 55 V. Pull out the FINE posi- 
tion control for X5 horizontal gain, and center the spot 
with the position controls. Push in FINE and recenter 
the spot with R292, Repeat these last three steps 
until there h no spot movement and the amplifier is 
balanced* 

Sotting A holdoff time 

The next step is to set the holdoff time* Set the A 
TIME/D1V switch to 3 ms and pull the A VARIABLE 
control out. The variable control should be fully clock- 
wise. Check to see that the horizontal FINE control is 
pushed in. You should now have a free-running trace 
on screen. Adjust R 1 09 on PC75 for a trace length of 
10.2 divisions* Now observe die front-panel sawtooth 
output waveform with your test oscilloscope and adjust 
RII3 to make the duration of holdoff equal to the 
duration of flyback* that is, die horizontal portion of 
the waveform equal to the negative going portion. {See 
Fig. 2) 

Setting A stability 

Apply a I kHz squarewave signal to CH 1 input of the 
D67 and set the controls as follows: 

CH I input to AC 
VOLTS/CM to 10 mV 
CH I push button ON 
INT TRIG push button 1 IN 
TRIG MODE lo INT 

Adjust die 1 kHz signal for one division of deflection. 
Set RI25, located on PC75, fully counterclockwise and 
watching the trace, turn RI25 clockwise slowly until 
the display locks in. Pull out A VARIABLE to make 
sure the sweep free runs. If not, turn R125 clockwise 
slightly until it does free run* Push A VARIABLE back 
in and recheck for a locked-m display. R109, R 1 13 and 
R125 interact so this procedure should sc rechecked 
and set until the holdoff, trace length and stability are 
correct. Now depress the SINGLE SHOT push button 
and note that a single sweep occurs e*ch time the 
RESET button is depressed. 

Setting A timing 

The next step is to set A sweep timing. Apply .1 ins time 
marks toCH t input and adjust the controls for a stable 
display. 



Set ATIME/DIV to .2 ms 

Adjust RH3 for 2 markers per division 

Pull out FINE position control 

Adjust R285 for 2 markers per 5 divisions 

Push in FINE position control 

Apply l markers to CH 1 input 

Set ATIME/DIV io.2 yxs 

Adjust G2I9A cm TIME/D1V switch for 1 marker 
per 5 divisions 

B trigger set up 

Before setting up the B trigger you need to turn off the 
scape and unplug the link from TP 153 located near the 
top middle of PC75. Turn the scope back on and set die 
controls as follows: 

A TIME/ DIV to EXT X 

B TIME/DI V to OFF 

Both LEVEL controls to AUTO 

B TRIG MODE to INT and + slope 

DELAY dial to 5.0 

CH 1 VOLTS/CM to 10 mV 

INT TRIG to CH 1 

Apply a 1 kHz squarewave to CH I input and adjust 
die squarewave for a .2 division display. Connect the 
test scope probe to test point 125 located just l>ehtnd 
the B TIME/D! V switch on PC75. Adjust R02 and R82 
in lhe same manner as was done in setting up A trigger, 
the difference being, the signal on the test scope should 
be a l kHz squarewave of about 4 V pok-m-penk, (See 
Fig. 3) 

Setting B stability and holdolf 

With the A TIME/DJV still in EXT X, set B TIME/ 
DIV to ,5 ms and pull out B VARIABLE control, A 
trace should now be seen with an amplitude of about 
>2 divisions. You will note a bright dot apjttars on die 
front of the trace (Fig. 4) . This is normal until the wire 
link is put back on TP 153, If a trace is not displayed, 
adjust RI79 until a trace appears. 

Connect the probe of the test oscilloscope to die 
collector of TR165 and observe a sawtooth waveform of 
approximately 86 V. Adjust R1G8 for a holdoff equal to 
die flyback or negative slo(>e. Adjust RJ65 for 10,2 div 
of trace length* Push in B VARIABLE control, and set 
R179 fora locked- in trace; then pull out B VARIABLE 
and make sure the trace free runs. RI79, R168, and 
R165 interact so this procedure should also be re- 
checked and set until holdoff, trace length, and stability 
are correct. 
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Setting B timing 

You can use the same procedure for B timing as was 
used lor A with the exception that is the adjust- 
ment for the ,2 ms timing and C219B for the .2 
timing. There is no adjustment for X5 on the K sweep. 
When timing is completed, turn off the scope and re- 
place tiie wire link on TPI55. 

After replacing the link set A TIME/DIV to .1 ms 
and B TIME/DIV to 20 s. Depress the A intern by B 
DISPLAY push button and check for proper operation 
of the A intensified and B delayed modes ol operation. 
This concludes the sweep calibration procedure. 

The vertical section 

Calibration of the vertical section is relatively easy and 
the manual procedure is adequate so we will not cover 
it here. However, there is one item of interest that 
should be mentioned. II CM 1 and C1I 2 have unequal 
inputs and die SUM mode is selected, the sum of the 
two inputs will be seen on the crt. If die INVERT 
switch on CH 2 is depressed, then the difference nl die 
tw r o signals will be displayed, thus acting as a differen- 
tial amplifier. Remember that in the SUM mode only 
CH I position control will position the trace. 

Some service hints 

There are two different versions of the D67. One has 
primed circuit boards that are soldered through to the 
outside; the other is soldered from the back side only. 



If you arc removing parts or doing any soldering on the 
hitter version, it would be advisable to do so from the 
back of the board. This is the side with the circuit runs 
nn it and the crt should probably be removed for acces- 
sibility. When soldering on these boards it is important 
to avoid applying excessive heat for long periods. Ex- 
cessive heat will damage the runs and lilt pads and 
eyelets away from connections. 

The crt is removed by taking off the back panel (4 
screws) , unplugging the crt socket and removing the 
three mounting screws on the left hand side of the crt 
si licit l as viewed from the front of the scope. Disconnect 
the neck pins and the anode lead, and slide die crt and 
shield assembly toward the back until the crt dears the 
front panel It can now he removed by pulling it to the 
left and forward. 

A note of caution is in order when troubleshooting the 
unblanking circuit. This circuit is elevated to —1450 V 
and it is easy to short out several transistors when prob- 
ing around with your test scope leads. Using an isola- 
tion capacitor of approximately .(H 3-501)0 V rating 

at the tip of your test probe will limit the possibility of 
shorting. 

Cleaning of the D67 should be done with compressed 
air and a soft brush. It is not recommended that you 
wash the instrument. ^ 




Fig. 5. Arrows indicate three mounting screws holding crt shield. 
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1350 cm/pis 
Storage Portable 

The TEKTRONIX 466 Storage Portable Oscilloscope adds fast-writing 
storage to the operating convenience and many features of the popular 
465 portable. Storage modes include variable persistence, fast and save. 
With dual trace vertical, DC to 100 MHz bandwidth, delaying sweep and fast 
storage, the 466 packs unequalled measurement performance in a ready- 
to-travel package weighing just thirty pounds. 
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What you 
need to know 
about testing 
4k MOS 
memories 




\VjlUain A, Notice David H. Flanhigum 



I t's getting so you can't tell a component from a system. Now we have integrated 
circuit memories in flat packages about an inch long and half an inch wide, able 
to store 4090 binary bits of information* And die size of the chip in such a package 
is very small, of course* 

But more dramatic than the small size are the low price and the downward price 
trend. The typical price for these 4 -kilobit memories (in large quantities) is between 
$4 and $8 each Thai's (1.1 to 0.2 cents per hit. Regardless of the quantity of 4k MOS 
memories used to build bigger memories, the price per bit remains essentially con* 
slant, With core memories the price per hit decreases when memory size increases, 
There is a price crossover favoring MOS fur the smaller memories and cores for the 
bigger memories. 

The combination of small size and low price is bound to be a winner, The demand 
For these memories is skyrocketing, For one thing they fill the need for small, in 
expensive memories to go with microprocessors, a fast expanding LSI circuit tech* 
nology itself. 

Even though the 4k MOS memory typically has only 22 pins or less, a isn't simple 
to test* It looks like a small component hut resembles u small digital system when 
you consider what it takes to test one the roughly. Unlike ferrite core memories the 
individual components and conductors cannot be tested separately first. And unlike 
ferrite core memories, failures are not usually cams tropic, ns a cracked core would 
he, for example, Sometimes certain combinations of bits won't store, or a hit may 
not remain stored as long as it should ■ 

The number of possible failure mode combinations is astronomical. Testing all 
of them is seldom practical because a [joint or diminishing returns h quickly 
readied in the test process. An acceptance quality level (AQL) that tolerates up 
to 1% faulty memories may not be good enough for a user* But a memory manu- 
facturer's AQL that is much better than that may he bard to find, hard to believe, 
or the product very costly. We should bear in mind, however, that the manufacturer's 
AQL is based on an extensive set of specifications. Not every user will operate the 
memory over the full temperature range, nor is he likely to encounter all of the 
" wars Lease" cond itio ns* 

It seems dear that part of the money saved in purchasing 4k MOS memories will 
need to be spent testing them* Hie question is, how to minimize dial expense. 
Troubleshooting defective electronic equipment at the end of a production line 
is very costly, and after shipping the equipment the troubleshooting cost is some* 
times impossible to calculate. We need to test the device before installing it. Here 
arc a few words about how the 4k MOS memories work and how to test them. 

How 4k MOS memories work 

MOS memories are built using insulated-gate field effect transistor elements. They 
have such low Leakage that the small stray capacitance associated with each element 
may be used as a bit storage medium for several milliseconds at a time, The memories 
are built so that any one of the 4096 storage cells may be examined for a high or 
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low state, or altered to the opposite suite when necessary. 
This means we have a random access memory (RAM) that 
we can read or write into at will. It usually takes about 0.5 
pH to examine or alter one cell, so it takes about 4000 times 
as long (2 ms) to examine or alter all cells, take other semi- 
conductor memories, it completely forgets what was last 
stored when power is turned off. Furthermore, any cell that 
has a high level stored in it may discharge lo an ambiguous 
level in a few milliseconds if it is not refreshed How quickly 
charge is lost is referred to as memory volatility. That it must 
be ref redred makes it a dynamic RAM; a static RAM would 
not have to lx 1 refreshed. The leak -down is slow at low tem- 
peratures so the maximum refresh period is specified at the 
maximum allowable operating temperature: for example, 
2 ms at 70° Cl Figure I shows a typical curve of time versus 
temperature for a type MF7I12 memory made by Micro- 
systems International Ltd. 



and low states on six lines (2 (i == 64) and 4096 possible 
combinations of high and low states on twelve lines. In other 
words, each cell would be addressed by a unique combina- 
tion of states on the twelve address pins on the IC. Some 
memories have only six address lines and therefore can lie 
built with only 16 pins instead of 22, I'o address a particular 
cell wish only six lines you must identify the column and 
row in two sequential steps, with the first half of the address 
temporarily stored in a latch built onio the memory chip. 

For you to write a high or low level into one of the cell*, 
that level must racist on one of the !C input pins reserved 
for ihc purpose while the cell is addressed. The line to that 
pin is usually called Data In. See Figure 2 lor a typical set 
of labels for the different pins on a 4k MOS RAM, u Motor- 
ola MCMG605. 




TEMPERATURE DEGREES CELSIJS 



Fig. L Show* the effect of tempera hire on refresh time. Although 
at 70 # C each cell should be refreshed every 2 ms or less, you might 
be able to wail 10 in*. At 25 # C the cutvc shows refresh time can 
typically be ten times longer than at 70"C. 



Memory configuration 

A 4696-bit memory may be arranged wall its cells in 64 rows, 
with 64 cells per row. Or it may have a different configura- 
tion, like 52 rows of 128 cells per row. 1 1 takes about 0,5 ^s 
to refresh a cell, but an entire row may lie refreshed at the 
same lime. The more cells you can refresh at one lime, the 
smaller the percentage of time you need to devote lo that 
pan of the business. If you had to refresh only one cell at 
a time in a 4 k memory you would have a full time job just 
keeping all cells refreshed every 2 ms. 

The location of any cell can be identified. First assume 
that they are all physically arranged in a matrix of rows mid 
columns. The combination of row number and column 
number may then constitute an address for any cell. To 
delect the high or low voltage state of a particular cell, or 
lo cause it to go to a particular state, you must first identify 
the cell by its address. To do that with only 22 pirn on the 
memory', the memory must have two built-in address decoding 
circuits, a row decoding circuit and a column decoding circuit. 
A 64 x §4 matrix will usually have six pins on the IC devoted 
to addressing rows and another six pins devoted to address- 
ing column!). There are 64 possible combinations of high 
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Fig. 2, Shows the pin assignments for a typical 22-pin 4k MOS 
RAM, The twelve address lines are AO through All, Vei is the 
negative supply voltage, typically ^SV. is the reference level 
voltage, usually GV (ground). V cc is ihe positive supply voltage 
for TTL elements, typically -|-SV, is the positive supply volt- 
age for MOS elements, typically -p 12V. 



To read the voltage level at a particular cell, the cell is 
first addressed, then its level sensed and transferred to a pin 
called Data Output. Whether you write a voltage level into 
an addressed cell or read a voltage level oul of the cell de- 
pend* on the level you apply tn anothe r input pin* That pin 
is usually called Read /Write or Write. One level on that pin 
makes it possible to read and the other to write. The net oT 
reading should not change the level in a memory; reading 
is non-destructive. In fact, in some memories, reading a cell 
also refreshes the cell* 

In addition to reading or witting in a MOS memory, an 
opera tii in called rea d- mod ify-w rite is common. This mode 
is used when you want to write new data immediately after 
reading the data already there. The operation makes it 
unnecessary to wait for a new dock pulse— a big time-saver 
when you realize how much time you might spend waiting 

Cluck pulses mark the moments when the various input 
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conditions will be examined or the level on the Data Out pin 
considered valid. The clock line b usually called Chip En- 
able. On some memories the data output line is able to drive 
TTL logic circuit directly. In those cases the output line may 
have three suites: High, Low or Floating. Floating is essen- 
tially the same as disco mux ted- mi a hie to influence the 
circuit it drives. 

One or two other inputs are required to make a MGS 
memory function properly, but precisely what these inputs 
do and what they are called differs with the type of memory 
and the manufacturer. In general, however, when these lines 
are driven with pulses that have the proper timing relation- 
ship to pulses driving the other inputs, they make it possible 
to read, write and refresh in, the way intended. 

All inputs to some MOS memories may be driven directly 
by TTL circuits. Ollier memories may require a drive higher 
than 5 volts on some inputs. MOS memories that drive TTL 
circuits directly or accept the drive from TTL circuits 
usually require a H-3-voh supply. A + 1 2- volt supply and a 
negative supply of —2 volts to —9 volts are also required. 

What testers should do 

Now let’s consider what's involved in testing these memories, 
hi recent years two kinds of tests on digital devices have been 
identified— functional tests and parametric tests. The merits 
of the two categories have been debated repeatedly, A simple 
example of a functional test is what you do when you sub- 
stitute a new r transistor for one you suspect is no good in a 
circuit that isn’t operating properly, If the new transistor 
restores the circuit to normal operation, it is reasonable to 
say that the new one functions satisfactorily. Because that's 
the main thing you want a component to do, some will argue 
that functional tests which closely simulate the end use of 
a component arc the most important tests a user can make. 
Others will argue that simulation Is seldom perfect, and that 
the only justification for calling a component defective is 
that it does not do what the manufacturer claims it will do. 
When a component is tested to determine whether n par- 
ticular characteristic (parameter) meets iht claims of the 
manufacturer, the test may be said to he a parametric test. 
Parametric tests may lie categorized as dt tests or ac tests, 
depending on whether the characteristic being tested applies 
to a steady state (dc) condition or a dynamic (ac) condi- 
tion, Both parametric and function at testing arc usually 
advisable for users of complex components like ‘Ik MOS 
memories. 

Testing a memory to see whether it will work satisfactorily 
in your equipment includes being sure every cell can store 
both a high level and a low level. There are several ways to 
test for this. You might write a high into each cell, then 
check that you read a high from each cell. After that you 
would write a low into each cell and check that every cell 
read low. The cdb can be addressed In any sequence when 
writing or reading. Another way of making this test is to 
alternate between writing a level and reading that level, 
progressing from cell to cell. To read and write both a high 
and u low state on every cell takes 16,384 eperations (4 x 
4096) . 



Other similar tests that lake more operations, and con- 
sequently more time, should follow 1 this test. If a given 
memory did not pass this fundamental test, however, further 
testing might be poi tit less. It is desirable to have the testing 
equipment able to discontinue a test and reject a part At any 
time. It is also desirable to segregate defective memories 
according to the fault that is the basis for rejection. Suppliers 
who accept them for credit want to know why you consider 
them defective. 

Test patterns 

Some MOS memory cells may write and store properly under 
all conditions except one following a particular sequence 
of memory operations. For example, because MOS memory 
cells rely on stray capacitance as a storage medium, the 
charge status of a cell cun sometimes be altered when an 
adjacent cell switches states. To exercise a memory in a way 
that tests this possibility requires a particular test pattern. 
Some patterns for testing 1024- bit memories have become 
fairly common and are given names like Walk Data, March, 
Ping-pong. The Ping-pong pattern addresses successive 
memory cells in all possible combinations and lakes about 
2 seconds (over 4 million operations) to exercise a Ik MOS 
memory. To test a 4k MOS memory using the same pattern 
would take about 82 seconds, 16 times as long. Such patterns 
require an amount of lime proportional to the square of the 
number of cells anti arc, therefore, called N s patterns. 

Incidentally, N a test pattern* don't always exercise even 
Ik MOS memories the way you think. In some memories a 
particular cell (the one with the highest address number) 
is addressed by the mere act of disabling die address inputs 
to any other cell. That, in effect, makes each new address 
follow the same old address, limiting the number of combina- 
tions to N instead of N a , 

Thirty- two seconds for a single test may be prohibitive 
from an economic standpoint. Different test patterns have 
been developed to test 4k MOS memories so they may be 
tested in shorter, more reasonable periods of time with com- 
parable certainty of detecting faults. New and better test 
patterns will be developed. Some patterns work better on 
one type of 4k memory titan another because of differences in 
construction. A knowledge of the layout (topology) of tltc 
thousands of microscopic parts of a memory helps. It is also 
helpful to be familiar with the most likely causes of failures. 
The test program can then be written to disclose the greatest 
number oF faults in a minimum of test time. 

Technical requirements 

T here arc a few important iconics! requirements a MOS 
memory tester should meet, Sonne of these requirements may 
he more fully appreciated by taking a look at die read-cyde 
timing waveforms that are a part of a typical 4k MOS mem- 
ory spec sheet, Figure 3. All hilt the last of these pulses must 
be generated by the test equipment and delivered to the 
device input pins, free from overshoot and ringing, with 
accurate amplitude excursions and transition time (slew 
rate) . There are also sonic critical timing relationships be- 
tween input pulses that must be observed. For example, the 
leading edge of the Chip Enable pulse must not occur ahead 
of the leading edge of any of the twelve address pubes, It 
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is not easy to generate and deliver fifteen pulses so that tht*y 
arrive simultaneously. The tester must be able to receive 
and examine the state of the Data Out pulses, as well as 
deliver properly timed input pulses in a programmed test 
pattern. To test the validity of any output pulse, the tester 

must know beforehand what the proper state of the output 
pulse is, and be able to test for it at precisely the right 
moment. Knowing the input conditions lets you predict 
what the output pulse state should be for any test cyde, so 
the actual output is compared with the predicted output. 
The moment of comparison (strobe timing) is critical be* 
cause in most MOS memories die output pulses don't remain 
in a high or low state long in cadi cycle but quickly change 
to a floating state. It h also critical because of the transmis- 
sion delay time introduced by the cable that connects I he 
test system to the memory test fixture Delay time is con- 
stant, however, and a well-designed tester takes this into 
account. 
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Fig. 3. Shows input and output waveforms, ihcir timing relation- 
ships, and riming requirements for a read cycle. 



Comparison of the state of an actual output pulse with 
the state of the predicted output pulse is done in a digital 
com pa nit or. When the states are not alike, an error is de- 
tected and the component judged defective. To make sure 
that comparisons only occur when they should, the com- 
parators arc strobed. Stmt*’ pulses arc generated by the 
tester at moments when valid memory output data should 
be arriving hack in the comparator. Those moments begin 



in each cycle when the specified maximum access time lias 
expired, and they end at some specific later time depending 
on whether the cycle is a read or write cydc. A tester should 
be able to generate Fast, dean comparator strobes that begin 
and end with precise timing. 

Digital comparators basically tell whether two levels are 
ilic same or not the same: dial is, both high or both low, or 
one high and the other low. Hut there arc limits to what may 
be called a high level and what may be called a low level. 
The better digital comparators check highs and lows against 
different reference levels. These comparators are called dual- 
level comparators. The high and low reference levels should 
be programmable, in small, accurate increments over an 
adequate range, to correspond with the memory manu- 
facturer 1 * definitions of high and low limits. With dual-level 
comparators you can test for the effects of noise voltage spikes 
on output data. For example, ncise spikes big enough to 
alter a +2.4 volt high level to a +1.7 volt level would go 
undetected if +1.5 volts were selected as both the lower 
limit of a high level and the upper limit of a low level. See 
Figure 4. 




Fig, -I, Nr>isc spikes would not be detected by single-level com- 
parator set tor H.5 volis but would be detected by dual-level 
comparator scl For 42,4 V and { 0,8 V. 



Other considerations 

There are other important factors to know about when con- 
si tiering what a memory tester should do. Because testers 
must be automated to conduct all the necessary tests in a 
short period of time, they are not inexpensive. You should 
consider how many other jobs they may do when you look 
at the price. You should also consider obsolescence and 
expandability. Data bus construction helps assure versatility 
and expandability, and insures against obsolescence, Data 
bus com true don merely means that all the controllable 
modules, sections, and pieces of equipment get instructions 
from the system controller section on common data lines. 
To add a piece of equipment means that you connect it in 
parallel io the other pieces on the same lines (data bus) . and 
that it ignores alt data until it is addressed by the system 
controller. 

Yon spend a good part of the time required for testing 
devices like MOS memories in handling the devices— insert- 
ing them into and removing them from the test fixture. To 
avoid waiting time, two test fixtures may lie used with one 
test system. One fixture is involved with the removing and 
in selling process while the other conducts tests. A system 
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which can switch its teats automatically in l!u,s way should 
pay for itself much more quickly than one that can't. These 
considerations arc only samples, There are numerous others. 

We believe 4k MGS memories will have a dramatic in- 
Hu cm e on the design r>F new electronic equipment. We also 
think most engineers, technicians and managers will need at 
least a good conversational knowledge of how MQS mem- 



ories work and some of the banc problems in testing them. 
However t you may need to know more than most people 
about testing these memories, and probably much more than 
has appeared here. In that case, our Application Engineers 
would be glad to talk to you. They will want to tell you all 
about the TEKTRONIX S-S400 series nl test systems that 
we believe do an outstanding job of testing MOS memories 
and similar devices. You'll find diem good listeners, Loo . 
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W hen the logic probe first appeared on the measure- 
ment horizon, it was touted by some as a low-cost 
replacement for the nsrillosropc in troubleshooting and 
servicing digital logic circuitry. Time lias, indeed, proven the 
logic probe to be a valuable tool in working with digital 
logic; not as a replacement for the oscilloscope but rather as 
a valuable adjunct. 

The province of the logic probe is fast failure detection, 
that of the oscilloscope in-depth analysis — a perfect com- 
plement. With the logic probe the user can often quickly 
locate a circuit fault or failure. The oscilloscope is then 
brought into piny to analyze the character Of the fault or 
failure, 

Although designed primarily for fast checking and trouble- 
shooting of existing digital circuits on location by service 
personnel, the logic probe is also a time-saver for designers 
of circuits being bread hoarded. 

A digital logic probe's sole function is to indicate die 
state of the logic; high, low, or faulty, i,c,, open or in the 
indeterminate range, There are many logic probes that do 
this. They use incandescent lamps or light emitting diodes 
as indicators* Some probes have a one-light readout using a 
bright and a dim indication; others have two, three, or four 
light systems; and at least one uses four LEDs as the readout. 

There is also a variety of options to choose from. In some 
cases, these options arc attached to the probe externally. 
Included are storage or memory, fast response or slow re- 
sponse, strobe input, and accessory packages. 



The TEKTRONIX PG401 TTL Logic Probe combines all 
the features needed to verify any logic condition in one 
small, lightweight package. Two lights, red and green, are 
located in the nose of the probe. There they can be easily 
viewed without moving your eye from the point under test. 
The red light indicates logic 1 (£.15 to 5 V dc) and the green 
light logic 0 (0 to 0.7 V clc) in the* following main ter; 



Logic State 

Steady high state 
Steady low state 
Pulse trains 
(normal switching) 

Abnormal state 
(between high & low) 

Open circuit (greater 
than 1C kn) 

Excessive input voltage 
(greater than 6 volts) 
Alternating between high 
state and indeterminate 
state 

Alternating lx? tween low state 
and indeterminate state 
Single pulse {+) 

Single pulse (— ) 



Indication 

Steady red light 
Steady green light 
Blinking red and green 
lights at full intensity 
No lights 

No lights 

Both red & green lights lit 
Blinking red light 

Blinking green light 

Green, red, then green 
Reel, green, then reel. 



The PG401 lias n fast response time and recognizes pulse 
widths as short as 10 ns. The circuitry controlling the indieft- 
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tor lights has a built in stretch feature. Once a !ighi is turned 
on, the ci rcui try holds it on for 100 ms; once extinguished, it 
won't allow it to turn on again for 100 ms. In the observation 
of rapid pulse train*, this gives time to turn the light on and 
time to let the eye recognise dial the light ha* come on and 
turned off. If the signal repetition rate is lx low 5 Hr, the 
blinking of the lights will follow the signal lepetition rate. 
When the point being observed exceeds about 6 V dc, both 
\ red and green light* will glow steadily. This lets the operator 

know that an overvoltage condition exists i:i the circuitry 
being checked, Built-in protection for the probe input per- 
mits momentary overloads up to ±150 V dc or rms without 
damage to the probe. At high-input voltages, an easily re- 
settable fuse in the input will open and prevent circuit 
damage. Frolic input impedance U high in all states (7,5 ku 
paralleled by fi pf) m as not to disturb the circuit under test. 

The length of ground path returns is an often overlooked 
consideration in the use of logic probes. The PG401 has 
provision for plugging a short ground lead directly into the 
probe, This is the same ground as the negative, or black, 
power lead, but provides a considerably shorter path for the 
fast-signal acquisition encountered in TTL circuitry. This 
eliminates ringing uid overshoot that could cause false light 
indications. Short ground leads should lx- used in all 
meaauremen ts. 

Many features that are optional or even add on module* 
on other logic probes arc standard on the 1*1*401 — for ex- 
ample, the •'store'* mode. This holds the light readout on 
until manually reset and is a valuable aid in single- pulse 
detection. As mentioned previously, pulse widths as short 
as 10 ns can be detected and indicated by the readout lights. 
Another feature, the "strobe" or gate mode, is employed 
when the coincidence of logic levels at two points needs 
to be confirmed. 

The P6401 at work 

Let's put the F(r401 to work in actual circuits and ace how 
it performs. Power is usually applied to the probe From the 
circuit under test through convenient clip leads attached to 
the probe. The red lead attaches to the +5 V dc bus and die 
black lead to the ground reference bus. Now simply touching 
the probe tip to the point under investigation will indicate 
the logic condition. 




COUNTER OUTPUT jnjnj - uTJ - Ln_n_ 

FI, I. P£M01 measuring the output of a binary counter. The lC- 
Icnd adapter on the probe nose prevents slipping off the pin and 
causing circuit damage. 



In Figure I the logic probe is being used to check the 
output of a biliary counter. The red and green lights will 
bitnk on and off at a 511/ rate indicating that the logic 
level is transiting from logic 0 to logic ! and back. 

The 1C Test Lead Adapter used in this application w;is 
designed especially for 1C chip leads. It prevents the probe 
tip from slipping from tile lead under test and earning faulty 
indications or disrupting circuit operation. It is also con- 
venient for probing component! mounted on circuit boards, 
such as resistors, capacitors and diodes. 

Figure 2 shows the logic probe being used to verify the 
inputs and outputs of a positive NAND gate. When the two 
inputs are low, the output is high; when pin 8 is probed, 
the red light will come on. If the inputs, pins 1) and 10* arc 
probed the green light will come on, indicating a low state. 




Fig. 2. The P640I indicating the output of a NAND gate. 



Often it is necessary tn know if an event has happened. 
This may be a pulse that happens only once in several 
minutes. Here the “store" feature of the probe is used to 
capture a single pulse that may be as narrow ns 10 ns. Switch 
the logic probe to the "store" mode with the switch located 
on the probe. It can mm be attached to the test point to 
he monitored, (See Figure 3.) The green light comes on and 
stays on when pin H is probed; this is a logic 0, The red light 
turns on when the four inputs Ixcome positive, causing the 
output, pin 8. to go positive, a logic I stale. The two lights 
will stay on even if the probe is removed from pin 8. To 
reset the prolx, slide the "store" switch back. If the "store" 
mode is needed again* simply push the "store" switch for- 
ward, If desired, the probe may be attached to the circuitry 
and left unattended. When the event happens, the appro- 
priate light will come on and remain on indefinitely for a 
record of the event. 

Many times it is desired to <k‘iect the coincidence of two 
pit bet. The P6401 has this capability as a standard function. 
To determine coincidence, the strobe input of the proije is 
connected to the strolx* point that the event is to coincide 
with, such as a gate or strobe pulse. If the gate or strobe is a 
negative pulse, connect the strobe lead to the strobe (strobe 
not) input on the probe. With the probe tip, monitor the 
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point in question. (Sec Figure 4.) If die indication of the 
event is to he retained, the “store" mode may be used in 
combination with the strobe. 

The probe recognition circuitry is gated off until die 
advent of the strobe pulse. Therefore, whatever transitions 
occur at die probe tip will not turn on a light. When die 
strobe does occur, die probe is gated on. An event at die 
probe tip will be indicated by the lights and retained if the 
“store" mode is used. II the event does not happen for at 





Fig. 3. The PCH01 used in the "store" mode to indicate coincidence 
of four events. Pulses ns narrow as 10 ns can be captured in die 
"store" mode. 
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INPUT 
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CLOCK 



STROBE 



EVENT 



Fig. i The STROBE function is used lo determine if nr event 
occurs during a strobe, or gale, Interval. 



least 2 ns after the strobe, the green light will come on first, 
and stay on if in “store 11 mode; then the red light will come 
on and stay on. Because of the short, 2-ns, period both green 
and red lights will appear lo come on together. 

If, as in the techniques shown, die desired event does not 
materialize, the problem can be traced Lo a faulty component 
such as an IC chip having the appropriate inputs hut a 
wrong output. The faulty component can dun he replaced 
and the circuit put back into correct operation, or an oscillo* 
scope can be used to examine exact wave shapes and voltage 
levels for an in-depth analysts of the problem, 



In summary, the Pfi-101 Logic Probe is a lightweight, dy- 
namic, decision-making tool that derives its power from the 
circuit under test lo determine logic states, It can quickly 
find faults that can be corrected on the spot. Used alone or 
with an oscilloscope the logic probe is finding increasing use 
in designing and troubleshooting systems such as point -of 
s,i]e terminals, computers, inventory control systems, video 
tape reconi and playback systems, readout systems, or any 
other system using TTL logic, singularly, or in combination 
with any other logic: family. , 
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Teknique 



Understanding 
oscilloscope 
triggering controls 

M odern osdlk&copes ofTcr a wide choice of triggering 
controls that enable us to trigger on almost nny sig- 
nal, One recently introduced portable oscilloscope has twenty 
controls on the froilt panel, 'Hie popular TEKTRONIX 
4G5 and 475 portables each have twelve “ more than you 
would expect. Why so many triggering controls and what 
do they all do? 

The modern oscilloscope is a versatile, ge neral purpose 
instrument used in many disciplines, Wc want to display and 
measure a wide variety of signals and we need to "stop" them 
to do so. That means we have to be able to trigger on them- 
There arc also many applications* such as photographing 
single-shot transients, that call for special triggering controls- 
You may never need to use them in your work, but many 
people do, so you find these controls on most scopes* 

Another factor contributing to the large number of trig* 
gering controls is that many scopes have two sweeps — a de- 
laying and a delayed, each with its own set of triggering 
controls. 

Now letb look at each control: what does it do and when 
should it be used? Triggering controls can be divided into 
four groups: triggering source, coupling, mode, and variable 
controls such as trigger level and ho Id off. 

Trigger source 

As the name implies, the trigger-source controls determine 
the origin of the signal that will be used for triggering, There 
are usually three sources: 

1. Internal — part of the signal led into the vertical amp- 
lifier, and Lhc source most commonly used. In multi- 
channel or dual-beam scopes you also need to choose 
which channel, or beam, you will trigger from internally. 
This choice is often a source of triggering problems. 
What typically happens is wc feed the vertical signal 
into one channel and fail to notice that the trigger 
selector is set to the opposite channel. Another pitfall 
is trying to operate in the ALTernate mode with only 
one input signal, 

2, External — from a source external to the scope, This 
signal is fed into the external trigger input connector 
The most common problem here is that the signal 
amplitude often exceeds the range of the trigger level 
control. Some scopes have an EXT 4- 10 position to 
attenuate the external signal* An alternate solution is 
to use a probe on the external input* Use of a probe 
lias the added advantage of minim iring loading on the 
trigger source* 



External triggering h convenient when you're view- 
ing a series of event s keyed to a single pulse, such as the 
index pulse on a disc memory, or to a stable source 
like the clock pulse used in digital circuits, It also allows 
for the use of an external device, such as die TEK- 
TRONIX H21 Word Recognizer, to generate a single 
trigger pulse from a selected pattern of pulses such as 
a digital word, 

3, Line — derived from a low- voltage winding on the scope 
power transformer, The line source is especially useful 
when viewing small ripple voltages on power supplies. 
It is also useful for viewing the fields hi a television sig- 
nal and other events related to die power line frequency, 
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Fig. 1. Triggering controls cm the 475 are kept at a minimum by 
using multi-position switches for trigger source and coupling- The 
SINGLE SWP puthbmion also -serves as the RESET named for 
single-shot sweeps. 
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Trigger coupling 

The trigger coupling controls are* basically! passive fillers 
that eliminate unwanted signals. Choices of coupling usually 
include dc* ac, at low-frequency reject, and at high- frequency 
reject. The frequency range of the various coupling positions 
on the TEKTRONIX 475 arc shown in Figure 3* 

Dc coupling is used to trigger on slowly changing signals 
such as a slow ramp! on lmv> repetition rate signals, or to trig- 
ger at a given dc level. On most scopes, when you use interna] 
triggering, you can ret the trigger level control for triggering 
at a dc level represented by some point on the ert screen. 
You can easily verify the setting by rotating the vertical 
position control and noting that triggering takes place at the 
desired point. On other instruments the trigger takeoff is 
ahead of the vertical position control, and you can't prede- 
termine the dc trigger level setting without using an external 
signal. Thi$ configuration has the advantage that the vertical 
position control lias no effect on the dc triggering point. 

The ac coupling positions avoid the effects of dc present 
in the triggering signal, in the AC position, signals from 
about bft H/ to the upper bandwidth limit of the vertical 
amplifier are passed to the trigger circuits. In some instances, 



undesirable frequencies riding on the triggering signal cause 
problems. Low-level signals often contain hum induced by 
stray magnetic fields. You can get rid of the hum l>y using 
AC LF REJECT coupling. Conversely, you can eliminate 
high-frequency noise causing triggering problems, by using 
AC HF REJECT coupling. You will, no doubt, use* the AC 
coupling position most often, but you will also find the other 
positions valuable in difficult triggering situations. 

Trigger modes 

There are at least three triggering modes available on modern 
oscilloscopes: automatic, norma] and single-sweep. Peak-to- 
peak automatic, a special form of automatic! is included on 
some instruments. High-frequency sync is usually found cm 
wide bandwidth and sampling Instruments. 

In the automatic, or AU TO, mode the sweep free-runs in 
the absence of an adequate trigger signal. This provides a 
convenient reference trace on-screen. Early scopes with 
AUTO triggering had no trigger level control in the AUTO 
inode. The signal heing viewed was superimposed on a re- 
generative trigger signal generated in the trigger circuitry. 
When the combined signal readied the appropriate level the 
sweep was triggered. This permitted you to look at different 
amplitude signals in a circuit without having to readjust die 
trigger level control. With the AUTO mode in today's in- 
struments, trigger level control h maintained. When the &ig 
mil is outside the range of die level setting, the sweep free- 
runs. This type of free-running display is useful when 
measuring the peak-to-peak amplitude or a signal without 
observing the waveshape, as in hind width measurements. 

In the P-P AUTO mode the peak- to- peak amplitude of the 
trigger signal is impressed across the trigger level control. If 
you have an adequate trigger, the sweep will lie triggered 
regardless of the level control setting. So you can look at 
different signal levels without net j listing the level control, 
but you maintain control of the point at which triggering 
occurs, 

The NORMAL mode is wo called because ii handles the 
widest range of triggering signals, It is the mode normally 
used when you have a complex waveform to trigger on, or 
when the signal frequency is outside the range handled by 
the AUTO mode. In the NORMAL mode, the sweep will 
not run in the absence of a trigger, so you have no reference 
trace. 

HF SYNC is typically used when the amplitude of die 
high-frequency signal is too low to trigger on solidly, or when 
the frequency is beyond the band width capabilities of the 
trigger rircuit. The TRIGGER LEVEL and TRIGGER 
HOLDQFF controls usually serve as the sync control in 
this mjidc. 

The SINGLE SWEEP mode is used when you want to 
photograph transients or low-repetition rate events. Here's 
the usual procedure. Set up the triggering controls iu the 
NORMAL mode, using the calibrator as a signal source to 
simulate the transient, I'brn, with the calibrator signal still 
applied, go to the SINGLE SWEEP mode and adjust the 
intensity and Focus controls while pressing the RESET but- 
ton repeatedly, Once the setup is completed, remove the 
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Fig, S, Frequency range of each position of the COUPLING switch. 



calibrator signal and apply the signal input lend, open the 
camera shutter, and press the RESET button. The READY 
light will come on, indicating that the sweep is ready to 
receive a trigger. When the event occurs and the sweep is 
triggered, the READY light goes out, indicating that a sweep 
has occurred. The camera shutter is then dosed* Clearly, 
this procedure is much easier than trying to synchronize the 
camera shutter to the event. 

Trigger level, slope and hofdoll 

Trigger level and slope selection are sometimes combined 
in one control, as in Figure 4, More often they are separate 
controls. Trigger slope refers to the direction the leading or 
trailing edge of the signal traverses when triggering takes 
place, ft does not refer to the dc level of the signal. For ex- 
ample, if Lhe SLOPE control is in the plus (+) position, 
triggering will occur on the rising portion of the waveform. 
In the minus {— ) position, triggering will take place on the 
falling portion* 

The TRIGGER LEVEL control selects die point on the 
slope where triggering will occur. When triggering internally 
you should be able to trigger at any point on an on-screen 
display. If you have a display several divisions in amplitude, 
the 'I RIGGER LEVEL control will have a wide range over 
which the sweep can be triggered. For low-amplitude displays 
triggering will occur near the 0 setting of the LEVEL control 
and triggering will seem to he very touchy. That's because 




Fig. 4. Two methods (if handling lhe TRIGGER LEVEL and 
SLOPE function, Roth functions are accomplished with one con- 
trol shown aL left. Concentric controls at light accomplish both 
functions and occupy about i he same front- pane! space. 



the LEVEL control doesn't have much signal over which to 
range. The range of the TRIGGER LEVEL control when 
triggering externally is different for different instrument 
types. It will typically be at least +1.5 V to —IS> V in the 
.straight- through position and +15 V to —15 V in the EXT 
-r 10 position. 

The TRIGGER LEVEL control cannot discriminate be- 
tween pulses of the same amplitude. This is where the 
TRIGGER HOLDOFF control comes into play. You may 
want to trigger on a particular pulse in a pulse train, but 
the pulses normally have the same amplitude* When the 
sweep recovers and is ready to be triggered, the next pulse 
will trigger it. Depending on the TTME/DIV setting and 
the sweep recovery time, triggering may or may not occur 
at the same point in the pulse train each time, and the dis- 
play will be unstable. The holdoff control lets you adjust 
holdofl time to avoid this condition. If your scope doesn't 
have a holdofl: control, you can achieve the same effect using 
the VARIABLE TIME/CM. but the sweep will he uncali- 
brated, If the scope has a delaying sweep, SWEEP LENGTH 
can serve as a holdofl control. 

Summary 

Oscilloscopes typically have many triggering controls. Bin 
each serves a useful purpose* For most of your work, yon 
probably need only a few trigger controls. Rut when you run 
into a less- than -idea I triggering signal, you will find those 
"extra" controls indispensable. 

On Tektronix instruments we make it as easy as possible 
to u ye Lhe triggering controls. For example, with all of the 
trigger switches in the "up" position, or the top row oE 
trigger pushbuttons depressed, you should have a trace on 
screen. If the display is riot stable, a slight adjustment of the 
TRIGGER LEVEL control may be all that is necessary. In 
mast cases it's thatsimplc. 

Triggering controls may seem numerous, but each one is 
there to make your scope easier to use; put them all to work 
for you, fpg 
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Service scope 
Troubleshooting 
digital circuits 



If you haven't had much cockpit time troubleshooting 
digital circuits, you probably think it f s a tougher job 
than it is. Most every experienced troubleshooter you 
talk to who knows both analog and digital circuit! 
agrees that digital circuits arc much easier to trouble* 
shoot. 

Just as the analog man needs to know about transis- 
tors, gain, feedback, divi tiers, etc., the digital man needs 
to know about AND gates, OR gates, inverters, II ip- 
(lops, and multivibrators. The vast majority of digital 
integrated circuits arc made up of these elements or 
combinations of them. Oi the group, flip-flops and 
multi-vibrators are probably the toughest to learn and 
retain. Therefore, Part I of this discussion will review 
flip-flop fundamentals. 

PART I Fundamentals of flip-flops 

M ost flip- flopi have two outputs, designated Q and n. 

or sometimes J and 0, The two outputs are comple- 
ments of one another; if Q is ;u a high level Q will be at a 
low level and vice-vena. Sometimes only one of two outputs 
is used and in that case the unused outpu: line may not 
even be drawn on jour schematic Don't let that con I use you. 
The distinguishing symbols arc the input symbols. All lines 
except Q and (J are input lutes, 

T flip-flops 

The simplest flip-flop is the T flip-flop, sometimes called the 
triggered flip-flop, It has only one input; others have at least 
two. The purpose of the T type flip-flop is to provide an out- 
put which switches to its opposite state each time a trigger 
pulse is introduced. When the outputs reverse from a given 
state the 1C is said to toggle. A T type flip-flop can be made 
by connecting together several inputs on the J-K flip-flop. 

D flip-flops. 

Next in simplicity is the gated D type flip-flop* sometimes 
called a latch. This type of flip-flop allows binary data to be 
transferred from the D input to the Q output when the gate 
i is put (G) is at the proper level but blocks the transfer of 
data when die G input is in the opposite (unassorted) state. 
When the G inpu; goes to the tinasserted state the outputs 
remain (latch) in their existing states. 

Clocked D type flip-flops only transfer data when a dock 
pulse arrives. The level at D is then transferred to the Q 
output and the level at Q remains until the next dock pulse 
arrives. If the data input level is the same as when the last 
clock pulse arrived there will be no change in output. You 
could say the output is updated just the same. The symbol for 
the dock input is usually GK, with the input marked wit h an 



arrow point )• CP* CL or C are also used and the arrow 
point is sometimes omitted. 

Clocked R-S and J-K flip-flops 

Practically all R-lS flip-flops and J-K flip-flops are docked* 

The J-K, inputs on n j*K flip-flop are the data input lines. 

The R-S inputs on an K-S flip-flop are the data input lines. 

The slate of the outputs on an R-S or J-K flip-flop depends 
on the combination of states ni the two data input lines 
when a dock pulse arrives. For an R-$ flip-flop there are four 
combinations: (I) S HIGH and R LOW, (2) S LOW and 
R HIGH, 0) both LOW, and (4) both HIGH. For a J-K 
(lip-flop the same combinations of ) and K inputs apply. 

There is no difference in behavior between an R S and a 
J-K flip-flop except for die combination where liolh data 
inputs arc HIGH. For R-S flip-flops the output levels of both 
the Q and Q lines arc indeterminate when both data inputs 
are HIGH when docked. For J-K flip-flops both output levels 
switch (toggle) from their existing states if both J and K arc 
HIGH when docked. The outputs of R-S ami J-K flip-flops 
do not change if both data in puis are LOW when clocked. 

II die two data inputs are in opposite states when clocked, 
the Q output should go to the same state as the S input of 
the R-S flip-flop, and to the same state as the J input of die 
J K flip-flop. .Schematically the output lines are normally 
drawn directly opposite the inputs to which they correspond. 
That is, Q is drawn opposite the S input on R-S flip-flops and 
opposite the J input on the J-K flip-flop, while the Q output 
is drawn opposite the R input or K input, 

Edge-triggering and pulse-triggering (Master-Slave) 

Clocked flip-flops are said to be edge- triggered or pulse* trig* 
gcred. When pulse- triggered die outputs should not change 
until the trailing edge of the dock pulse occurs. When edge- 
triggered, no reference is made to the leading or trailing 
edge of tfie dock pulse. Input data is transferred to the output 
during and immediately following the activating transition 
of the clock pulse. An activating transition may be up-going 
or down-going, but not both, depending on the flip-flop. 

Both up-going and down-going transitions of the clock 
pulse activate something in master-slave flip-flops. One edge 
stores the levels of the data inputs in the flip-flops and the 
other edge transfers the stored data to the output lines. Each 
output transfer has to be preceded by input storage, so you 
can say the leading edge stores and the trailing edge transfers 
This must be kept in min d when a master-slave flip-flop is 
checked for proper operation because input data sometimes ^ 
switches in the interval between the leading and trailing 
edges of the dock pulse. That knot usually the case but when 
diagnosing a trouble it may be particularly confusing. 
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Complicating diagnosis even further is the fact that some 
master-slave flip-flops will always store the higa level il the 
data input level changes between leading and trailing edges. 
This happens whether the high level occurs first or last and 
is called "ones catching". Master-slave flip-flops with “clzua- 
lockom" store only die level seen during and immediately 
following the leading edge transition. 

The accompanying diagrams for the various flip- flops 
should help clarify their operation for you. 

In the next issue of Telescope we will discuss some basic 
techniques for troubleshooting digital circuitry. 
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Clocked D Type Flip-flops with Preset and Clear 

Asserting Preset or Clear overrides all other inputs. 



Averting both produces two HIGHS at the output, 
but both HIGHS will not persist even if Preset and 
Clear arc unassorted at the same time. 

When boili Preset and Clear are unasseiLed clock 
pulses transfer the D inpul state to the Q output. 
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J-K and R-5 Flip-flops with Preset or Clear 

Asserting Preset or Clear overrides all other inputs. 




J-K and R-S Flip-flops with Preset and Clear 

Asserting Preset or Clear overrides all other inputs. 



When Preset Is asserted (hut Clear is not) Qgocs HIGH 
and id! other in puls arc irrelevant. 



Jlv 





’OCK 




R-S 




When Clear is asserted (but Preset is hol) Q goes LOW 
and all other in puis are irrelevant. 
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When F reset and Clear arc both asserted both mil puts 
arc HIGH but will not pernist even ii both Preset 
and Clear arc unassorted at the same time. 







When Preset is unassorted after Clear lias been unas- 
sorted Q will remain HIGH until a clock pulse arrives. 







H 

« oL-l 



- J ' 0 
■Q^CK 







H 



H 




When Clear is unassorted after Preset has been unas- 
sorted Q will remain LOW Until a clock pulse arrives. 
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J-K and R-S Edge-triggered Flip-flops 

Assuming both Preset and Clear have been unasserted. 




NOTES: Positive LOGIC: HIGH Ja TRUE (1) end LOW Ift FALSI (0>. 

Preset (PR) U ac in bI lines called Set <$), 

Clock (CK) la someUmei symbolized Cp. 

Cleer (CLR) Is aomcuimos celled Rose 1 (R). 

A Fund Ion Is nssorted whan HIGH except on Input lines lormlrialod wllh A 
small circle 

Auarlad lopuia me circled: ^1?) 

* When the up-QcIng edge of a clock pulse Iranafcra dale bo the output* Hie 
clock Inpul la symbolized without n Email circle 



Master-slave Flip-flops 

Muster slave flip-flops recognize and store I he .states of the data 
in purs rl uring and following one edge of a dock pulse and transfer 
i hose stales to the outputs during and following die next edge. 
The dock pulse edge that causes a transfer is symbolized on the 
clock input line.* 

The dale of a data input line should normally not change 
dining the interval between the leading and trailing edge of a 
dock pulse. If I lie state does dumgc duitng this interval a HIGH 
level probably will Ire stored and transferred. This is ca 1 1 eel 
"ones-catehing." Master-slave (lip flops with 'dala-lockout" will 
store only the level that exists during and immediately following 
the leading edge transition. 

J-K and R-S Pulse-triggered (Master-slave) Flip-flops 

Assuming both Preset and Clear have been u it asserted. 



If the J-K or R-S (data) input? were in opposite states 
during the arrival of the up-going edge of a dock 
pulse the next down-going edge will transfer those 
s to re< I states to corre s pot ] rl i n g cut t pu I s . * 
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Same as above but with inputs reversed. 
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If the J-K or R-S (data) Inputs were both in the LOW 
state during the arrival of (he up-going edge of a 
cluck pulse the next down-going edge will transfer no 
change to the outputs.* 
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"When the down-going edge of a dock pulse arrives 
following an up-going edge that occurred while both 
data Inputs were HIGH: 



The output of a j K 
flip-flop will reverse, 
toggle. 



The outputs of an 
R-S flip-flop will be 
indeterminate. 
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A hand-held DMMiniscope 




Dave Allen 



H ow do you pronounce DMMiniscope? Some may say “DMM miniscope/' 
others “DMM in-a-scope.” Either way it accurately describes the new 
TEKTRONIX 213 DMM Oscilloscope which combines a 314 -digit digital 
multimeter and a 1-MHz oscilloscope in one compact instrument weighing 
only 3.7 pounds and measuring 3.0 x 5.2 x 8.9 inches. You can hold it easily 
in the palm of your hand or suspend it from a convenient neck strap. It's 
battery powered and ready to make measurements wherever you take it. 

The DMM 

The 213 makes all of the measurements associated with a high performance, 
314 -digit multimeter and displays the results in large clear numbers on the 
crt (1 cm x 4 cm for the four digits, plus sign and decimal point) . The bright- 
ness of readout is set by the side-panel INTENSITY control. 

Dc voltage and current are measured on five ranges from 0.1 V full scale 
to 1000 V full scale, and 0.1 mA to 1000 mA full scale. True rms readings 
of ac voltage and current are provided over these same ranges for frequencies 
up to 40 kHz. If dc coupling is used in the rms mode, the readout will show 
the true rms value of ac plus dc. Since rms and dc voltage measurements are 
made using the oscilloscope probe, you can view the waveform, or measure 
the voltage at the same point by simply pressing a front-panel pushbutton. 
That's all it takes to transform the oscilloscope into a DMM, or vice versa. 

In the DMM mode, resistance is measured with an accuracy of 1% or 
better over five ranges extending from 1 kn full scale to 10 Mo full scale. 

Excellent overrange capability of 200% full scale is provided for all ranges 
except the 1000 V, where input is limited to 800 V because of probe and input 
component considerations. 

The oscilloscope 

Although small in size, the 213 offers many of the features of much larger 
oscilloscopes, and some even the larger scopes don't offer; for example, a 
built-in capability for viewing current waveforms, with calibrated deflection 
factors from 5 /*A/div to 100 mA/div. Current waveforms are viewed using the 
mA-n input on the instrument side panel. Input shunt resistance ranges 
from 0.3 O to 1000 n depending on the current range. 

Why combine a DMM and scope? 

There are basic similarities between a DMM and an oscilloscope. Both have 
calibrated sensitivities, or measurement ranges; both require some form of 
readout, or display; and both are used by those engaged in designing, manu- 
facturing and servicing electronic equipment. These few similarities make it 
worth considering means to combine the two instruments, especially for those 
applications demanding portability. 

The TEKTRONIX 200-Series Oscilloscope package was Selected as ideal 
from the standpoint of portability. It was small enough to hold in the hand, 
had a rugged, double-insulated case for elevated voltage measurements, and 
was battery operated. The crt would make an excellent readout device for 
digits as well as waveforms. The major problem was space. How do you get 
the circuitry required for a DMM inside a package already designed for the 
minimum volume needed to house the oscilloscope circuitry? 

A partial answer is to make the circuitry do double duty— serve both func- 
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The DMM readout 

Readout for the DMM is provided by a novel Tek- 
tronix-designed character generator IC that produces 
X, Y and Z signals to drive the crt deflection and blank- 
ing system. The X and Y signals always form the seven- 
segment display character 8. To form the characters 0 
through 9, the character generator converts serial BCD 
data inputs into Z-axis (or blanking) output signals 
to blank the necessary segments. The BCD data con- 
sists of four groups (one group for each character) 
supplied from a 4-decade counter IC. Also supplied 
from the counter are four outputs that provide spacing 
current to the horizontal amplifier to properly position 
each character displayed. The character generator also 
produces plus or minus polarity signs and the decimal 
point. A portion of the Y output signal is fed to the 
horizontal amplifier, giving the displayed numerals 
a slight tilt for a more pleasing appearance. 

The power supply 

One of the most challenging design goals of the 213 was 
to power the instrument from just two nickel-cadmium 
D cells providing 2.4 volts dc. These two batteries power 
a high-efficiency supply producing voltages of 0.6 volts 
ac, and +6.5, —6.5 +15, +75, and —1000 volts dc. Effi- 
ciency is about 78%. 

The inverter is a switching regulator type in which 
the amount of energy transferred to the transformer 
secondary is determined by the on-time of the switch- 
ing transistor. On-time is controlled by the frequency 
of an astable multivibrator. As battery voltage de- 
creases, the operating voltages decrease. This results 
in a change of the astable multivibrator frequency 



tions. While an obvious solution it’s not as simple to 
achieve as it appears. For example, both instruments 
need an input attenuator but the requirements are 
quite different. The oscilloscope needs a wide-band, 
“clean” attenuator; the DMM a higher precision at- 
tenuator, 10 megohm input impedance, and not much 
bandwidth. A self-imposed requirement dictated using 
the same probe for both oscilloscope and DMM voltage 
measurements, for operator convenience. 

Common input circuitry 

The 213 uses a straight-through (IX) probe working 
into a 10-megohm attenuator. A Tektronix-designed 
cam switch provides five ranges for DMM voltage, cur- 
rent and resistance measurements, and 14 calibrated 
steps for oscilloscope voltage and current waveforms. 

The input amplifier also serves both the DMM and 
oscilloscope. Discrete component design was selected 
to obtain sufficient bandwidth for the oscilloscope and 
achieve the 0.1% gain accuracy required for the DMM. 
The output of the input amplifier is connected to either 
the DMM or oscilloscope circuitry by a front-panel 
switch. The same switch applies operating voltage to 
only those circuits needed to perform the function. 

The DMM circuitry is similar to that used in other 
TEKTRONIX DMM's, with special attention given to 
achieving maximum performance within the space and 
power available. Overrange indication serves as an ex- 
cellent example of the value engineering found in the 
213. There are basically three possible sources of error 
due to an overrange signal: the Input Amplifier, the 
A/D Converter, and the RMS Converter when the per- 
missible crest factor is exceeded. Overrange indication 
is provided in each of these circuits, with overrange 
indicated on the readout display as scrambled plus and 
minus character segments, and 8’s. 




Fig- 1 . Side view of the 213 showing the current and ohmmeter inputs, and other instrument controls. The oscilloscope probe and power 
cord are wrapped in place at the rear of the instrument. 



which alters the on-time, restoring operating voltages 
to normal. 

Low-voltage shutdown 

A low- voltage shutdown circuit operates as a battery 
condition indicator and battery deep-discharge protec- 
tor. When battery voltage drops to +2.12 volts, the 
power indicator LED extinguishes. Operation will con- 
tinue until battery voltage reaches about +2.02 volts. 
At this point an SCR conducts, effectively shutting 
down the astable multivibrator and, thus, the supply. 

Low voltage supplies 

The low-voltage rectifier-filter circuitry uses Schottky- 
barrier diodes which provide low power dissipation be- 
cause of reduced junction voltage. The Schottky-barrier 
diodes also provide fast recovery needed at the high 
multivibrator frequency (~60 kHz) , resulting in an in- 
crease in power supply efficiency. 

High voltage supply 

High voltage is generated by an 8-stage multiplier that 
takes about 190 volts peak-to-peak from the inverter 
and produces about 1300 to 1400 volts across the multi- 
plier. The crt accelerating voltage is obtained after the 
seventh stage of multiplication and is set to —1000 volts 
and regulated to within 1%. 

The battery charger 

The 213 contains a battery charger converter that 
enables the batteries to be charged when connected to 
the power line. Charging occurs with the instrument 
turned on or off. The converter is frequency controlled, 
with the battery charge current regulated by a saturable 
reactor. As current flow changes in the saturable reactor, 
its inductance changes causing a shift in the operating 
frequency of the converter. As the converter frequency 
shifts away from resonance, the output voltage de- 
creases, regulating the charge rate. 



Mechanical considerations 

One of the outstanding achievements in the 213 design 
is the packaging. Nearly every cubic inch inside the 
package is occupied. There is no main chassis in the 
unit. Five printed circuit boards surrounding the crt 
are interconnected by square pins mounted on one 
printed circuit board, inserted into jacks on the adjoin- 
ing board. Only a few interconnecting cables are 
needed. The two-piece insulated cabinet fits snugly 
around the assembly, maintaining the boards securely 
in place and providing operator protection for elevated 
voltage measurements. 

Servicing the 213 

Troubleshooting the 213 is simplified by using extender 
cards for the A/D Converter Board and Power Supply 
Board. Extending these two boards opens up the 213 
for easy access to circuitry while the instrument is oper- 
ating. The extender boards are available from Tek- 
tronix. 
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Specifications on the 213 



DMM 



True rms readings of voltage and current are provided for all waveforms with a 
crest factor of 5 or less. 

Dc and Ac Voltage 

Range — 0.1 V to 1000 V full scale in 5 ranges. 

Overrange Capability — At least 200% of full scale. Except for 1000 V range. 
Resolution — 100 nV at 0.1 full scale. 



Dc Voltage Accuracy* — For 25°C ±5°C. Beyond these limits add temperature 
coefficient. 



0.100 V Range 


1 Within 0.1% of reading ± 3 counts. Temp Coef is (within 
0.015% of reading -f 0.04% of full scale) per °C. 


1.000 V Range 


Within 0.1% of reading ± 1 count. Temp Coef is (within 
0.01% of reading *f 0.01% of full scale) per °C. 


10.00 V and 
100,0 V Ranges 


Within 0.15% of reading ± 1 count. Temp Coef is (within 
0.015% of reading + 0.01% of full scale) per °C. 


1000 V Range 


Within 0.2% of reading ± 1 count. Temp Coef is (within 
0.02% of reading + 0.01% of full scale) per °C. 



•Accuracy for battery operation. For ac line operation add 10°C before com- 
puting DMM accuracy temperature coefficient. 



RMS Voltage Accuracy*— For 25°C ±5°C. Beyond these limits add temperature 
coefficient. Temp Coef Is within 0.05% of reading +0.1% for full scale per °C. 



Within % of reading shown ±5 counts at frequency shown. 




Dc 


40 Hz to 


4 kHz to 




4 kHz 


40 kHz 


0,100 V Range 


2.5% 


1 .5% 


3.5% 


1.000 V Range 


2% 


1% 


1% 


10.00 V Range 


2% 


1% 


1% 


100.0 V Range 


2% 


1% 


1% 


1000 V Range 


2% 


1% 


2% 



•Accuracy for battery operation. For ac line operation add 10°C before comput- 
ing DMM accuracy temperature coefficient. Accuracy limit increases linearly 
for crest factor greater than 2. Up to twice indicated limit for crest factor of 5. 

Input Resistance— 10 Mft. 

Input Capacitance — Approx. 150 pF on 0.1 V to 10 V ranges, 100 pF on 100 V 
and 1,000 V ranges. 

Settling Time — 1.5 seconds within 0.1% of reading in dc mode, 2 seconds 
within 1% of reading in rms mode. 

Maximum Input Voltage — 

500 V (dc + peak ac) for 0.1 V to 10 ranges dc coupled, 

800 V (dc -f peak ac) for 0.1 V to 10 V ranges ac coupled, 

800 V (dc -j- peak ac) for 100 V and 1000 V ranges. 

Dc and Ac Current 

Range — 0.1 mA to 1000 mA full scale in 5 ranges. 

Overrange Capability— At least 200% of full scale. 

Resolution — 100 nA at 0.1 mA full scale. 



Input Shunt Resistance (Approximate) 



Scale 


Resistance 


0.100 mA 


1000 0 


1.000 mA 


100 O 


10.00 mA 


10.2 0 


100.0 mA 


1.2 0 


1000 mA 


0.3 O 


Dc Current Accuracy* — 25°C ±5°C. Beyond these limits add temperature co- 
efficient. Temp Coef is (within 0.02% of reading -f 0.04% of full scale) per °C. 


0.100 mA Range 


Within 0.5% of reading -± 3 counts 


1.000 to 1000 mA Range 


Within 0.25% of reading ± 3 counts 



•Accuracy for battery operation. For ac line operation add 10°C before com- 
puting DMM accuracy temperature coefficient. 



RMS Current Accuracy* — For 25°C ±5°C. Beyond these limits add temper- 
ature coefficient. Temp. Coef is {within 0.05% of reading +0-1% of full scale) 
per °C. 



Within % of reading shown 
±5 counts at frequency shown. 





Dc 


40 Hz to 


4 kHz to 




4 kHz 


40 kHz 


0.100 mA Range 
1.000 to 1000 mA Ranges 


2.5% 


1.5% 


4.5% 


2.5% 


1.5% 


3.5% 



•Accuracy for battery operation. For ac line operation add 10°C before comput- 
ing DMM accuracy temperature coefficient. Accuracy limit increases linearly 
for crest factor greater than 2. Up to twice indicated limit for crest factor of 5. 



Settling Tima — 1.5 seconds within 0.1% of reading In dc mode, 2 seconds 
within 1% of reading in rms mode. 

Maximum Input Current — 2 A rms or 3 A peak on any scale. 



Resistance 

Ranges — 1 kfl to 10 MQ full scale in 5 ranges. 
Resolution — 1 SI on 1 kft scale. 



Accuracy* — For 25°C ±5°C. 



1 kO 


Within 0.5% of reading ± 3 counts. Temp Coef is (within 
0.03% of reading + 0.04% of full scale) per °C. 


10 kO to 1 MO 


Within 0.5% of reading ± 1 count. Temp Coef is (within 
0.02% of reading + 0.02% of full scale) per °C. 


10 MO 


Within 1% of reading ± 1 count. Temp Coef Is (within 
0.05% of reading 4- 0.02% of full scale) per °C. 


•Accuracy for battery operation. For ac line operation add 10°C before com- 
puting DMM accuracy temperature coefficient. 

Settling Time — 2 seconds within 2 counts. 



Readout 

Number of Digits— 3V2 digits plus decimal point and sign. 
Display Size— 1 cm high by 4 cm wide (5 characters). 
Overrange Indication — Readout displays scrambled characters. 



OSCILLOSCOPE 



Vertical Deflection (Voltage) 

Deflection Factor— 5 mV/div to 100 V/div In 14 calibrated steps (1-2-5 se- 
quence). Accurate within dfc 3%, Uncalibrated, continuously variable between 
steps and to at least 250 V/div. 

Bandwidth— Dc to 1 MHz (-3 dB point) for 20 mV/div to 100 V/div deflection 
factors. Dc to 400 kHz (—3 dB point) for 5 mV/div and 10 mV/div. Lower band- 
width limit (—3 dB point) for ac coupling is 1 Hz or less. 

Input R and C — 10 Ml] paralleled by approx. 150 pf for 5 mV/div through 1 
V/div and 100 pf for 2 V/div through 100 V/div. 



Maximum Input Voltage — 


Input Condition 


Maximum Input Voltage 


Dc coupled, 5 mV/div to 1 V/div 
Ac coupled, 5 mV/div to 1 V/div 

2 V/div to 100 V/div 


500 V (dc + peak ac) at 1 MHz or less 
800 V (dc + peak ac) 500 V peak ac 
component 

800 V (dc + peak ac) at 1 MHz or less 



Vertical Deflection (Current) 

Deflection Factor — 5 /iA/div to 100 mA/div in 14 calibrated steps (1-2-5 se- 
quence. Accurate within ± 3%. Uncalibrated, continuously variable between 
steps and to at least 250 mA/div. 

Bandwidth — Dc to at least 400 kHz (—3 dB point) for 20 /iA/div through 100 
mA/div deflection factors. Dc to at least 200 kHz —3 dB point) for 5 fi A/div 
and 10 ft A/div. 

Maximum Input Current — 2 A rms or 3 A peak for any range. 

Horizontal Deflection 

Sweep Rate — 2 /is/div to 500 ms/div in 17 calibrated steps (1-2-5 sequence). 
Accurate within ± 5%. 

Horizontal Magnifier — Provides continuously variable sweep rate settings be- 
tween calibrated settings. Extends fastest sweep rate to at least 0.4 /is/div. 

Trigger 

Internal Ac Coupled (Auto) — Triggers on deflection of 0.5 div or more from 7 
Hz to 1 MHz. Sweep free-runs in absence of trigger signal or for frequencies 
below 7 Hz. 

Interna! Ac Coupled (Normal) — Triggers on deflection of 0.5 div or more from 
7 Hz to 1 MHz. 

External Dc Coupled — Triggers on signals of 1.0 V or more from dc to 1 MHz. 

Crt 

6 X 10 div display area, each div is approx. 0.2 in. Internal black line, non- 
iliuminated graticule. P43 phosphor is standard. 



OTHER CHARACTERISTICS 



Power Sources — Internal Ni Cd batteries provide a typical operating period of 
3.5 hours at maximum trace intensity for a charging and operating temperature 
between 20°C and 30°C. Internal charger provides for charging batteries any 
time the instrument is connected to an ac line even if the instrument is turned 
off. Dc operation is automatically interrupted when battery voltage drops below 
2 V to protect batteries against deep discharge. Full recharge requires approxi- 
mately 16 hours. External operation from 90 to 136 V ac (48 to 62 Hz). Option 1 
allows operation from an external 180 to 250 V ac (48 to 62 Hz) or dc supply. 
Power consumption, 8 watts or less. 

Insulation Voltage — 500 V rms or 700 V (dc + peak ac) when operated from 
interna! batteries, wittf line cord and plug stored. When operated from ac, line 
voltage plus floating voltage not to exceed 250 V rms; or 1.4 X line -f- dc + 
peak ac not to exceed 350 V. 





Sweep delay today 



O scilloscopes with calibrated sweep delay have been around a long time. 

And most users are probably quite familiar with conventional sweep 
delay. There are, however, some important new ways to delay sweeps. Have 
you used digital delay? Do you know when to use digital delay instead of 
analog delay? Do you know what kinds of digital delay units are available? 
What are the different ways to minimize display jitter on your crt screen? 
How much does sweep delay improve time measurement accuracy? 

Scope users and buyers should understand this subject to make intelligent 
selections of the instruments they will need, and to make good use of the 
instruments they have. We hope to help you understand the subject more 
clearly. 
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Fig. 1. The TEKTRONIX 475 provides analog sweep delay using 
a calibrated ten-turn potentiometer. On some scopes this control 
is called the DELAY TIME MULTIPLIER. The number of dial 
divisions between the start and the end of delay is multiplied by 
the TIME/DIV setting, to compute delay. 

Conventional calibrated sweep delay 

Conventional sweep delay is most often used for the 
same reason you sometimes use a sweep magnifier . . . 
to get a better look at something not near the beginning 
of the sweep. When you magnify a sweep most of the 
former display goes off screen. To see any of those 
regions again you merely adjust the horizontal position 
control. To accomplish the same thing using conven- 
tional sweep delay you switch to delay ed-sweep opera- 
tion and rotate the delay control to see what you want. 
In effect, the amount of magnification is equal to the 
ratio of the delay range to the duration of the sweep 
being delayed and is frequently greater than 1000 to 1. 
Without either sweep delay or sweep magnification, the 
only time you can see what you want, at the sweep 
speed you want, is when that event immediately follows 
the instant of trigger recognition. To see events that 
happen considerably later requires considerable delay. 

The conventional way to delay a sweep is to (1) 
initiate a ramp signal that (2) generates a secondary 
trigger signal when it crosses a selectable voltage level, 
and (3) let that trigger initiate the sweep you need to 
display the later events. The delay you need is selectable 
with two controls: one sets the slope of the ramp and 
the other sets the voltage level the ramp must cross. By 
generating linear ramps, and by using a linear multi- 
turn potentiometer for the delay control, delay can be 
accurately calibrated. 

Now when you are looking for a particular freightcar 
in the middle of a wave train you will not always know 
how to recognize what you are looking for. Bright zones 
on the trace, indicating the point of delay, often help, 
but sometimes don’t when you are unable to distinguish 



Fig. 2. The TEKTRONIX 475 with DM40 or DM43 provides 
analog sweep delay with LED readout. The readout is set to zero 
at start of the delay and the readout shows the delay time when 
the DELAY TIME POSITION control is set to the end of delay. 
No calculations are necessary. 

by waveshape or appearance what part of a wave train 
to look for. You will, however, sometimes know how 
much delay time is needed to display what you want. 
Then having calibrated sweep delay is important; you 
just crank in the numbers you need, to see what you want. 

That is fine when you know the speed of the train 
and the length of the cars. But what if you don’t know 
all that and only know that the 138th car is the one you 
want to put in the scope window? Then you can count 
them as you parade them past the crt window if need 
be. When that is so, you probably don’t want to per- 
sonally parade 138 pulses past your crt window count- 
ing them as they go, with the possibility of being inter- 
rupted somewhere in the middle of the count. And 
what if the count is 13801? 

Digital Delay 

Fortunately, there is a better way. Digital delay-by- 
count plug-ins are available that will count the pulses 
for you more quickly, more reliably, and with far less 
frustration. The 5B31 is one such plug-in. It is used with 
5400 Series Oscilloscopes. The 7D11 and DD 501 are 
two others. 1 The 7D11 is used in 7000 Series scopes; 
the DD 501 is for use with any scope. 

Delay-by-count is digital delay. When you count 
cycles of a timing waveform before you trigger a sweep, 
you have digital time delay the same as counting sec- 
onds before blast-off. Digital delay makes particularly 
good sense when working with digital circuits. One 
waveform often looks so much like another that other 
means of identification are called for. The count, the 
number, is sometimes the only identification. 

Display Jitter Eliminated 

Delay by count does other things for you. For one 
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thing it follows time jitter. It follows jitter so well, in 
fact, that it can make you believe your jittery signal 
has no jitter. With conventional sweep delay using the 
Triggerable After Delay mode, you can also sometimes 
stop display jitter. What's the difference? Mainly that 
the Triggerable After Delay mode doesn't work where 
the amount of jitter is greater than the time between 
adjacent pulses in the region you want to investigate. 
In such a case if you were trying to trigger the delayed 
sweeps on the 138th pulse you would find that some 
were triggered on the 137th or 139th pulse, producing 
a confused display. The likelihood increases for rela- 
tively long delay periods, for example when trying to 
look at pulse number 13801. 

Even when your signal is not jittery, conventional 
sweep delay can contribute enough of its own jitter to 
be a problem at times. With analog delay, delay-gen- 
erated jitter is proportional to the delay range used, 
not the delay used, and is usually spec’d at either 
1 /20,000 of the range or 1 / 50,000 of the range. A delay 
range of 20 ms (2 ms/div x 10) might contribute as 
much as 1 ^ s of jitter and still meet a 20,000:1 specifica- 
tion. An effective magnification of 2000 is all it takes 
to produce one division of jitter with a 20,000:1 spec. 
If the displayed pulses were less than 1 division apart 
in such a case and you used the Triggerable After Delay 
mode to stop jitter, about half of the sweep would be 
triggered on one pulse and the other half on an adja- 
cent pulse. If all the displayed pulses were identical in 
shape and spacing you could not tell the difference; but 
if the pulse shape or spacing was different the display 
would be confusing. What is worse, the display may 
even be a little deceptive. For example, you may see a 
narrow pulse among others but fail to notice that some 
sweeps run through its baseline, indicating the pulse is 
only there part of the time. 

Delay by count w r orks like Triggerable After Delay 
to ignore jitter, except that time variations between 
counts are completely ignored. Pulses produced by ro- 
tating devices, such as a magnetic disc, usually have 
widely-varying time intervals from one cycle to the 
next. Furthermore, the cycles occur at a relatively low 
rep rate. Jitter is one thing and low rep rate jitter is 
another. And to make matters worse, alternate sweep 
operation cuts any basic rep rate in half. Few conditions 
are worse for a scope operator than to attempt to inter- 
pret jittery dual-trace displays using fast sweeps that 
are blinking at you. Storage is a big help when there 
is no jitter. And delay by count will stop the jitter. 

You don’t have to know the right count to delay by 
count if you can recognize what you are looking for. 
You can range from one event to the next and parade 
your wave train past your crt window the same as with 
conventional sweep delay. 



Time Measurement Accuracy 

Digital delay by count provides very accurate time 
delay intervals whenever it counts very accurate timing 
signals. Whereas most analog delay systems have a speci- 
fied accuracy between about ±3% and ±0.5% of the 
reading, digital time delay accuracy depends largely on 
the accuracy of the timing signal. The TEKTRONIX 
7D1 1 has a built-in 500 MHz timing signal phase-locked 
to a 5 MHz crystal oscillator that is accurate within 
±1 part in 2 million. It will count up to 10 million 
internally generated 100 ns pulses to provide up to 1 
second of delay. You can add from 0 to 100 ns of analog 
delay to the selected number of 100-ns increments, with 
an accuracy of ±2 ns. Two nanoseconds amounts to 
±2% when the delay is close to one 100 ns increment, 
but is only ±0.2% or less when the delay is 1 ^s or more. 

Usually more important than accuracy of delay, how- 
ever, is accuracy of delay difference. For all time interval 
measurements except those less than about 50 ns, sweep 
delay can be used to reduce time measurement errors. 
As most scope users know, to make such a measurement 
with conventional sweep delay, the difference between 
two delay dial readings is multiplied by 1, 2, or 5 . . . 
usually in your head. We call such measurements dif- 
ferential time measurements. 

The first dial reading is made after the delay control 
has been used to position the waveform so the begin- 
ning point in the waveform for the time measurement 
coincides with some vertical graticule line. The second 
reading is taken after the delay control has been rotated 
to position the ending point in the waveform to the 
same graticule line. You must always be able to identify 
the beginning and ending points of a time interval 
measurement regardless of how the measurement is 
made. Although this technique is a little more time 
consuming than making the measurement directly from 
the crt scale, it is independent of crt non-linearities 
and possible gain errors of the horizontal amplifier. 
The technique typically improves accuracy to about 
±0.5% to ±1.0% of the reading. 

Accuracy invariably falls off for measurements of 
very short time intervals, and precisely where it starts 
to fall off depends on the particular oscilloscope. It 
falls off for the same reason that time measurements 
scaled directly off a crt suffer in accuracy as the distance 
scaled gets smaller and smaller. The difference is that 
smaller sections of a potentiometer have to be used 
instead of smaller sections of the crt scale. 

There is no point whatever in trying to use calibrated 
sweep delay to improve measurement accuracy beyond 
the crossover where reading directly from the crt (scal- 
ing) yields better accuracy. Even with the speed and 
convenience of a method of making differential time 
interval measurements, described in the next para- 
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graph, accuracy improvements for short time intervals 
are marginal when compared to directly scaling the 
crt. The crossover depends on what kind of error you 
are apt to make when scaling the crt directly, com- 
pared to matching points in the waveform with a 
graticule reference line. Few people would consider 
the difference to be greater than 1/10 major division. 
That error would be an additional 1% for a 10-division 
crt measurement, or an additional 2% for a 5-division 
measurement, etc. See the discussion on time measure- 
ment accuracies on page 11. 

Digital readout of time delay 

TEKTRONIX 464, 465, 466 and 475 Oscilloscopes are 
available with digital multimeters DM40 or DM43 
integrally attached 2 , and one thing these multimeters do 
is provide 3i/£-digit LED readout of differential (delay) 
time measurements. No dial numbers need to be read, 
logged, subtracted or multiplied. By merely pressing a 
ZERO button when the first point in the measurement 
is positioned on a reference graticule line, the time 
difference may be read out directly from the four LED's 
as soon as the second point is positioned to that refer- 
ence line. Although the technique provides only mar- 
ginal improvements in accuracy over the conventional 
method, human errors in mental arithmetic and reading 
the dial are minimized, and measurement time is re- 
duced dramatically. The reduction in measurement 
time practically eliminates errors due to delay drift. 
Delay drift can easily be observed, when it is significant, 
because it requires continued readjustment of delay to 
keep the measurement beginning or ending point in 
the waveform, on the reference graticule line. Delay 
drift can sometimes appear to be significant when it is 
not, because the delayed sweep speed is faster than it 
needs to be. 

For time interval measurements more accurate than 
about ±0.5%, digital delay plug-ins may be used. The 
7D11 can be used to measure 1 fi s intervals with an 
accuracy of ±0.2%, 10 /xs intervals with an accuracy of 
±0.02%, etc. Only digital counters have comparable 
accuracy and, unlike most counters, the measurements 
can be made between two points on a waveform that 
may differ in voltage. 

Not all digital delay generators have built-in timing 
signals like the 7D11. In those cases, to delay by count- 
ing cycles of a timing signal instead of by counting 
cycles of a signal from the equipment under test re- 
quires an external time mark generator or similar 
instrument. If you are looking at digital equipment 
that has its own clock signal, that signal is usually the 
best delay reference you could get. Be sure the clock 
frequency is not higher than the delay generator can 
count or that the maximum count required does not 



exceed the count or readout capabilities of the delay 
generator. The TEKTRONIX 7D11 will count up to 
10,000,000 cycles of a signal having a frequency up to 
50 MHz; the DD 501 will count up to 100,000 cycles 
of a signal having a frequency up to 80 MHz; and the 
5B31 will count up to 100,000 cycles of signals up to 
35 MHz. The signal cycles you count may be part of the 
signal you later display, so the scope bandwidth can 
limit the maximum frequency your delay generator 
gets to see. 

Word Recognizers 3 

No discussion of sweep delay should ignore the subject 
of Word Recognizers. The two basic reasons to delay 
a sweep are to make time measurements more accur- 
ately, or to get a clear, magnified look at something 
happening later than your available triggers. In many 
digital circuits the proper moments to trigger to get 
a clear magnified display cannot be predicted. For ex- 
ample, you may want to display only what happens 
immediately after the last of all inputs to a logic gate 
go true, and can't tell which input that will be. The 
simple solution is to simultaneously probe several 
points in the circuit under test, with an equal number 
of probes that go to a device that will recognize the 
moments when the unique combination of logic states 
occur. If you can recognize those moments, you can 
generate the special sweep triggers needed. How many 
points you have to probe to recognize specific digital 
words depends on the equipment you are probing. 
Most digital words are expressed in multiples of four 
bits (4, 8, 12, 16, etc.) and the TEKTRONIX 821 
Word Recognizer is designed with that in mind. 

Usually the trigger generated by a Word Recognizer 
is used to initiate a sweep, but it is also useful to 
initiate a period of delay before the sweep is initiated. 
That delay can be digital or analog, depending on your 
needs. The output from a Word Recognizer is usually 
applied directly to the external trigger input of a scope 
or sweep plug-in. If that scope or plug-in has delayed 
sweep operation you can easily cue the delay you need 
off of that trigger. When you want to use digital delay 
the output of the Word Recognizer is routed to an 
external trigger input to that unit instead. 

The new digital delay units offer improved measure- 
ment ease and accuracy for many applications. Analog 
sweep delay is still the best solution in other areas. 
Tektronix plug-ins provide you the option of choosing 
either, or both, delaying capabilities. fSg 

i Delay by count is discussed in the Jan/Feb 1974 issue ofTekscope, 
and the 7D11 is discussed in the Nov. 1972 issue of Tekscope. 

-See Tekscope for Sept /Oct 1974 

3 See Tekscope for Mar/ Apr 1974 
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Time interval measurements made with an oscilloscope 
are made between two points on the displayed waveform 
that represent the beginning and end of the interval to be 
measured. 

One way to make such a measurement is to scale the 
distance between those two points directly from the crt 
graticule. The distance will be proportional to the time 
interval. 

Another way is to use a sweep delay control to position 
first one then the other of the two points to the same 
reference line on the crt graticule. The two numbers read 
from a dial or window represent the time interval measured. 
The difference between the two numbers will be propor- 
tional to the time interval. This method is called a differ- 
ential time measurement. Both points in the waveform 
don’t have to appear on the crt screen at the same time 
when making differential time measurements. Nor does the 
time/div selected, or sweep speed accuracy of the displayed 
sweep, have a direct bearing on the accuracy of the meas- 
urement. 

When measurements are made by directly scaling the crt, 
special care must be used when reading and interpolating 
the scale to assure best measurement accuracy. Most ob- 
servers agree that, with reasonable care, most measurements 
can be kept within ± 1 /20 major divisions by interpolating 
the scale to the nearest I /10th major division. That amounts 
to a scaling error of ±5% for one division of separation 
between two points in the waveform, but only amounts to 
±1% for five divisions of separation, etc. When the time/ 
div on an oscilloscope is calibrated in a 1-2-5 sequence all 
time measurements can be spread over four divisions or 
more, except for time intervals less than four divisions of 
the fastest sweep. Because most measurements can be spread 
over more than five divisions, a ±1% scaling error is a con- 
servative figure for most measurements made with care. 

Scaling errors should be algebraically added to the ac- 
curacy of the time base used for the measurement. You 
should assume time base accuracy is at the margin of the 
specified accuracy. The time base accuracy for the 475 is 
specified as ±2% for the 1 , 2 and 5 ns per division settings 



and ±1% for the other time/div settings. The blue curve 
on the graph shows time measurement accuracy when you 
combine scaling error with time/div errors. 

The black curves show the accuracy you can expect when 
making differential time measurements with the TEK- 
TRONIX 475 oscilloscope. The 475 is available with either 
the conventional 10-turn calibrated delay dial or with a 
digital multimeter, DM40 or DM43, integrally attached. 
The DM40 and DM43 allow you to set the first delay read- 
ing to zero so the second reading may indicate the time 
measurement directly. Pushing a button is all it takes. 
Numbers representing the time interval measured appear 
with 3*4 digit resolution on four LED’s. Curves for both 
types of 475’s are shown. 

The improvement in accuracy offered by the DM40 or 
DM43 over the conventional 10-turn dial is primarily for 
time intervals less than 1/10 of the delay range used. For 
the shortest delay range that amounts to 50 ns or less. The 
reason accuracy is better is primarily that the DM40 and 
DM43 provide five times better time resolution than the 
10-turn dial. Accuracy with the 10-turn dial is ±0.1% of 
the full 10-turn range for measurements involving a differ- 
ence of less than one turn. Accuracy with the DM40 or 
DM43 is ±1% of the reading, ±1 count, with one count 
being equal to only 0.02% of the full range. Below about 
5 ns, directly scaling the crt should improve accuracy. 

When making differential time measurements, visual 
errors involved in positioning the trace are generally con- 
sidered insignificant because the displayed sweep can be 
made very much faster than the delaying sweep. For ex- 
ample, a 50 ns time interval measured using the differential 
method can be displayed at 1 ns/div, and a visual error of 
±l/20th division would amount to only ±50 ps (±0.1%) . 
For similar reasons delay jitter or drift on the order of 
1:20,000 or less seldom interferes significantly with the ac- 
curacy of a differential time measurement. 

The convenience, speed, and freedom from human error 
with which accurate measurements may be made with the 
DM40 or DM43 recommend it most. 
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1 4 7 hat you see through a window depends, to a large extent, on when 
\ V you look through it* The oscilloscope is sometimes called the '‘window 
to electronics”, and timing is of the essence in determining what will be 
viewed through this window. Most electrical events happen in milliseconds 
or microseconds, and some in nanoseconds or picoseconds. How can we view 
these events and their relationship to neighboring events? 

Tektronix neatly solved this problem with the introduction of an oscillo- 
scope with a delaying sweep. Delaying sweep enables you to look at a rela- 
tively long “time window”, select any portion of that time window, and then 
view the selected portion in detail on a second time base called the delayed 
sweep. Delayed sweep can be thought of as a magnifying glass permitting 
you to view in great detail the events displayed in the long time window. 

If you have ever looked through a hand-held magnifying glass you know 
that the greater the magnification, the more trouble you have holding it 
steady enough to view the object clearly. In electronic jargon we call this 
jitter. And we experience jitter to some degree when using delayed sweep 
to achieve a large degree of sweep magnification. Now, a new means of gen- 
erating the time delay substantially reduces the jitter experienced in this 
type of measurement, and facilitates other kinds of delay measurements. 



James Wagner 
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Digitally delayed sweep 

Electronic circuitry is becoming increasingly digital. In 
most digital systems the time relationship between 
events is determined by clock pulses. A convenient 
means of viewing a particular event in such a system is 
to count the clock pulses that must occur before the 
event takes place. The sweep is then triggered and the 
event we desire to view is displayed. Since the delay 
tracks the event regardless of its timing variation, jitter 
is eliminated or greatly reduced. 

Delay by event 

The new 5B31 Digitally Delayed Time Base brings just 
such a capability to TEKTRONIX 5400 Series Oscillo- 
scopes. Operating in the delay by events mode, five 
thumbwheel switches permit you to select delays up to 
99,999 events. The events can be as short as 20 ns in 
duration and at frequencies up to 20 MHz. 

Delay by event is particularly useful when working 
with “floppy" discs* or other rotating devices. Count- 
ing can be initiated by the index pulse on the disc, and 
the thumbwheels set to count the number of clock 
pulses to take you to that portion of the disc you’re 
interested in viewing. Since you are triggering from the 
pulses recorded on the disc, jitter caused by variations 
in disc speed will not be apparent in the display. 

Delay by time 

For many applications delay by time is more suitable 
than delay by event. The 5B31 brings the benefits of 
digital delay to time delay measurements by means of 
an internal 1-MHz crystal-controlled clock. In delay by 
time operation we are again counting events but the 
events occur at precisely one microsecond intervals. The 
five thumbwheel switches provide a choice of delay 
times from 0 to 99,999 p,s. Differential delay time, that 
is, the difference in delay between two points on the 
same sweep, can be measured to an accuracy of 2 parts 
in 10 5 , or within 0.002%, considerably better than that 
achieved using analog sweep delay. 

Reducing display jitter 

Figure 1 shows how jitter originates in a simple clock 
and counter delay system where the clock is not trig- 
gered from the signal. Total delay time can vary as 
much as one clock period because there is a random 
interval between the trigger and the first clock transi- 
tion counted. This random interval causes jitter. One 
way to minimize jitter is to select a high clock fre- 
quency. But this requires a fast counter in addition to 
the fast clock, and is expensive. 

The 5B31 uses a unique circuit to achieve 10 ns or 
less of jitter using a 1 MHz clock. You would normally 
expect up to 1 of jitter with this clock frequency. 

A single fixed-rate ramp, referred to as the “held 
ramp", is used to absorb the random time between the 



trigger and the first count. Figure 2 shows the relation- 
ship between the main trigger, the clock and the held 
ramp. The simplified block diagram in Figure 3 shows 
the major circuit elements used in generating the held 
ramp, and achieving digital delay. 

In delay by time operation the fi s pushbutton is 
depressed. When a trigger from the Main Trigger 
Generator occurs it gates the 1-MHz clock to the count- 
er and, in conjunction with the Ramp Flip-Flop, turns 
on the Ramp Current Generator (held ramp). The 
ramp runs up until the Transition Detector senses the 
first change in the state of the counter. At this point 
the Ramp Flip-Flop switches, interrupting the ramp 
charging current. The ramp holds at the interrupted 
level until counting is completed. The End of Count 
Detector then switches the Ramp Flip-Flop, restoring 
the charging current. The held ramp then continues 
its run-up to the level set by the Comparator. Total 
run-up time is 1 ^s, excluding “hold" time. 
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Fig. 1. Diagram illustrating why jitter occurs in a digital delay 
system when the clock is not triggered from the signal. 
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Fig. 2. Diagram illustrating how held-ramp operation accom 
modates differences in the clock- trigger relationship to reduce 
jitter to 10 ns or less. 
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► SWEEP OUT 



Fig. 3. Simplified block diagram of the 5B31 Digitally Delayed Time Base. 



The Comparator output drives the Sweep Gate Flip- 
Flop which enables the Sweep Generator, and provides 
a signal for trace intensification and a Delayed Gate. 

At the end of the sweep interval, information from 
the Delay Thumbwheel switches are loaded into the 
counter, and the Main Trigger Generator and the held 
ramp are reset. 

The held ramp operation reduces jitter from the 
expected 1 ^s to 10 ns plus 1 part in 10 7 of selected 
delay. For time delays longer than 200 ^s, the 5B31 has 
less jitter than an analog sweep delay having a jitter 
spec of 1 part in 20,000 of delay range. 

In delay by event operation, triggers from the Event 
Trigger Generator substitute for the 1-MHz clock. 
The Transition Detector, Ramp Flip-Flop and Ramp 
Current Generator are inoperative in this mode. 

Operation begins with a trigger from the Main Trig- 
ger Generator. The Counter counts pulses from the 
Event Trigger Generator. At completion of the count, 
the End of Count Detector enables the clock input of 
the Sweep Gate Flip-Flop. The next pulse from the 
Event Trigger Generator switches the Sweep Gate 
Flip-Flop, thus eliminating the propagation delays as- 
sociated with the Delay Counter. The outputs of the 
Sweep Gate Flip-Flop perform the same functions as in 
delay by time operation. 

In normal (undelayed) operation the trigger from 
the Main Trigger Generator passes directly through 
the Delay Control AND gate, and an OR gate, to start 



the Sweep Generator. With the ^s or EVENT push- 
button depressed the trace will be brightened at the 
end of the delay set by the thumbwheels if the delay 
is within the range of the displayed sweep. 

Summary 

The 5B31 is the first time base plug-in to include digital 
delay. While the time delay range is not as broad as 
some analog delays available, the ease of operation, low 
jitter, improved delay time accuracies, and delay by 
event capability make the 5B3 1 Digitally Delayed Time 
Base a valuable addition to the 5400 Series Oscilloscope 
family.®! 

*See “Flexible Disc Measurements Simplified by Digital Delay”, 
Jan /Feb 1974 Tekscope. 
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Troubleshooting digital circuits ........ 

In the Nov/Dec 1974 issue of TEKSCOPE we introduced the subject of 
troubleshooting digital a summary of the fundamentals of flip- 
flops. That was because flip-flops are one of the basic microcircuits used in 
digital LG 7s and are the most formidable of the basic circuits to become 
familiar with. If you are going to develop your troubleshooting skills beyond 
mere replacement of suspect circuit boards it is essential that you get to know 
basic logic circuits. 

PART (1 There are some good, practical tools around to help you trouble- 
shoot digital circuits. They range in sophistication from logic probes to logic 
scopes, but the more sophisticated instruments are usually limited to pro- 
duction testing or engineering design work. The ordinary oscilloscope is 
usually the most sophisticated instrument practical to use for field service. 
Logic probes are the least expensive, the smallest, and with their indicator 
lights right on the probes, the handiest. Oscilloscopes are needed to show 
timing relationships between signals and show their precise voltage levels. 

The approach 

There is such a variety of electronic products using digital circuits that you 
wonder how much you need to know about each product to find troubles 
fairly quickly. The answer depends on how much experience you have and 
what the products are, but we think beginners must understand at least 
enough to operate the product. Your ability to operate the equipment will 
have a great effect on where you begin the troubleshooting task. 

There are usually several things you can do to test the operation of de- 
fective equipment that will help in isolating the problem area. You will 
need block diagrams and circuit diagrams to get acquainted with how the 
various parts of the equipment work together. When you have not had a 
chance to learn the equipment, taking time to read the titles of the blocks 
in a block diagram, and to read the names and labels of the important input 
and output lines gives you better information than you might suppose. You 
will surprise yourself. 

The normal task of isolating a failure is to try to identify the section or 
area that probably contains the defect. In equipment that has lots of circuit 
boards one should first try to isolate the defective board. If replacement 
boards are not available, the next task is to find the specific defect, usually 
an I.C. Sometimes a defective I.C. may be quickly located by merely touching 
it with your finger to see if it is very hot. Power must be on, of course* and 
if there is any shock hazard possibility whatsoever you should not reach into 
the circuits to do this. 
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The place to start troubleshooting is at the symptom, 
the point where you are witnessing improper perform- 
ance. You should try to create several symptoms of the 
problem because a comparison of symptoms will usually 
give a good clue to what basic function is not being 
performed. Knowing that and knowing the board that 
performs the function will get you close. Extra time 
spent at the outset with the symptoms will usually pay 
off by eliminating large sections of the circuits from 
consideration. For example, you may find that the 
equipment always misses a certain count, or that it only 
fails in one mode. Remember, however, that the prob- 
lem cannot be fixed from the front panel unless it's an 
operator error. Once you have explored the symptoms 
thoroughly it is time to get inside the equipment. 

The first shot 

If you are able to reason where the trouble may be 
located you should change the board, if a spare is 
available. If normal operation is restored, you have 
identified the defective board and may confine further 
troubleshooting to that board. If it doesn’t, you should 
change the remaining boards, one at a time, replacing 
each board in its original position. 

In some cases you will not have any spare boards or 
be able to reason what board is most apt to be faulty 
from the available symptoms. In this case it is best to 
treat the equipment as if it were one unit and track the 
symptom back to wherever it leads you. Start at the 
point where you see the error. You might have a light 
that doesn’t come on, or a wrong reading, etc. Starting 
at this point you should work your way back through 
the circuits, in fairly large steps, toward the normal 
origin of the missing signal or erroneous signal. Follow 
the circuit diagrams. Maybe the origin is a switch on 
the front panel that normally turns on a light that isn’t 
working. Pick points to place your probe where the 
signal goes through fairly simple gates, if possible. 
These are the easiest points to check for proper opera- 
tion. Eventually you will either find a point where the 
signal is blocked or you will wind up at the switch. 
Perhaps the switch is faulty. 

When taking large jumps it is easy to skip the point 
where the problem is located. But once you find the 
signal you are looking for, you can stop going toward 
the origin and follow the signal in small jumps, check- 
ing each gate in the signal path until you find the 
point where the signal is blocked. 

Now the signal can be blocked for several reasons. 
The component where it is blocked could be faulty, or 
another signal be missing at that point that would 
allow your signal to go through. A third possibility is 
that there are signals present which should not be there 
such as Preset, or Clear, or an Inhibit signal. If the 



component plugs in, it is usually simplest to replace it 
and see if that solves the problem. If it doesn’t, or if the 
IC is soldered in, you may need to do some more 
troubleshooting. Probe all the input and output lines, 
Vcc and ground. If one input does not have the right 
level, or right signal, you should pursue the cause for 
that in exactly the same way you started out. 

If the schematic diagram or service manual does not 
show the basic make-up of that IC you will need to 
refer to the data book that the manufacturer of the IC 
supplies. Probe the pins of the device itself, not merely 
the socket, if it plugs in. Occasionally contacts in the 
socket are defective. In cases where a replacement com- 
ponent is not handy you may sometimes temporarily 
borrow one from another part of the equipment or 
from some other equipment. Be sure to put good com- 
ponents back in their original sockets. 

Sometimes a Preset or Clear line is tripped so fast 
that you may not detect it with your logic probe or 
scope, if set up to look at slower signals. Sometimes you 
will need to increase the sweep speed of your scope to 
see these signals. At other times you may need to use 
the Single Sweep Ready light as an indicator that a 
single or low rep rate signal occured. The Strobe mode 
or Hold mode on the TEKTRONIX P6401 Logic 
probe may be used for a similar check. 

The second shot . . . shorted outputs 

There are times when an IC may appear to be defective 
but is not. At such times your troubleshooting may 
have just begun and you will have to take a second 
shot. HIGH levels are never quite as high as the supply 
voltage level when things are working right. In a TTL 
circuit with a +5 volt Vcc supply level, for instance, 
HIGHs would normally be some level between about 
3.5 to 4.5 volts depending on the load, although they 
theoretically can be as low as 2.4 volts. Measure the 
voltage level. If it measures the same as Vcc there is 
probably a short between Vcc and the output pin. The 
same simple test can be done for a LOW. If you can’t 
find a few hundred millivolts on an output when it is 
LOW, it may be shorted to ground. If you have a 
HIGH at the output of an IC where there should be a 
LOW, it may be because the output is shorted to Vcc. 

If you think you have found an output that is short- 
ed, disconnect the circuit component that should be 
driving that line, lift the pin on the component that 
drives the line (as described later) and try again. If 
normal operation is restored at the floating pin, that 
component is OK. Bend the pin back and replace the 
component. 

An output that is shorted may be the input to several 
other components and any one of them may be causing 
the trouble. If they are easy to disconnect, try one at a 
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time, being sure to get them back right. That bears 
repeating. Get them back right! Any trouble you acci- 
dentally put into a circuit that is already not working 
right will vastly complicate the problem. Two troubles 
at one time is more than double trouble. For this reason, 
avoid having two people troubleshoot the same job 
unless they work together closely and cooperate every 
step of the way. If someone besides yourself has been 
troubleshooting, look for double trouble. Suspect IC’s 
to be plugged in backward or to be the wrong type. 

Sometimes a shorted output may not be caused by a 
faulty component or socket. Solder “bridges” are a 
common kind of short. Look closely at all soldered 
points on the circuit board that are in close proximity 
to another conductor. Check any adjacent pair of 
solder points that look too close. Solder “tails” or 
lodged pieces of wire can usually be found by close 
inspection. 

If you still can’t find the short try using an ohm- 
meter with milliohm resolution. This is how: You turn 
off the power and remove the circuit board if conven- 
ient. Then you put the ohmmeter on the lowest scale 
and put one probe on the output pin and the other on 
ground or Vcc, depending on the nature of the short. 
You will measure only a low resistance if there is still 
a short. If you move the probe from the output along 
the circuit board run that connects to the pin, you 
should notice a decrease in resistance as you approach 
the locality of the short, and an increase in resistance 
as you move away from the short. Holding one probe 
lead very steady, move the other up and down the run 
to the point of minimum resistance. Stop at that point 
and repeat the procedure using the other probe lead. 
The short should be very close. You may have to use a 
magnifying glass to see some hairline shorts. Sometimes 
the sharp point of a scriber gently scraped between 
runs will remove a short. 

The ohmmeter technique is especially good for locat- 
ing shorts on a run that wanders all over the place, like 
if Vcc was shorted to ground. 

In some cases it is hard to pinpoint a trouble because 
most everything indicates a particular IC should work, 
but it doesn’t. These cases are usually caused by the 
IC output being overloaded or because input pulses 
are arriving that are hard to detect. 

Lift a pin or two 

If your IC’s plug-in you can unplug any one, bend 
one of its pins out of the way of the socket, replace it 
and try again. To do this you should always use a pair 
of long-nose pliers and bend the pin right at the point 
where it comes out of the package. You will only need 
to bend it about 45° to clear the socket. See figure 1. 




Fig. 1 . When IC’s are plugged into sockets you may isolate any 
lead by temporarily unplugging the IC and unbending the lead 
about 45° at the same region it was originally bent. 



On flip-flops that don’t seem to be working right 
(except that a new one doesn’t fix the problem) you 
often need to lift more than one lead at a time. Narrow 
pulses are sometimes fed back to the Preset or Clear 
pin by a faulty IC elsewhere and will upset your at- 
tempt to go on. By lifting one, or both, of those pins 
you can usually tell where to look next. It will be nec- 
essary to tie some inputs either HIGH or LOW when 
they are lifted. 

Temperature sensitive intermittent problems 

You can’t find troubles that are not there. The trouble 
that goes away when you start looking for it is the most 
elusive kind. Often that condition is a temperature 
sensitive one and you can make it occur by raising the 
temperature of one of the boards. The heat from a 
bench lamp or hand-held hair dryer is usually enough 
to do the job. But take care; you can sometimes quickly 
overheat a board that way. 

When you can get a trouble to come and go by 
applying and removing heat to a whole area, you can 
usually finish the job quite quickly by combining the 
heating act with a cooling act. What you do is use a 
pressurized can of circuit coolant and spray different 
components while the board is hot. When the defective 
one is cooled the trouble will come on immediately. 
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When others are cooled it makes no difference. The 
blast of coolant should be brief and closely confined to 
the component suspected of being faulty. Sometimes 
you will think you have located the trouble spot when 
you are actually only close. 

Summary 

1. Know basic AND gates, OR gates and flip-flops. 

2. Know how to operate the equipment being serviced. 

8. Study block diagrams and labels of input and out- 
put lines. 

4. Create as many symptoms of the problem as you can 
to get the best clues about where to look. 

5. Substitute good circuit boards for ones suspected to 
be faulty if they are available and can be changed 
quickly. 

6. Carefully check temperature of components with 
your finger if there is no shock hazard. 

7. Substitute good components for ones suspected to 
be faulty if they are available or can be borrowed. 

8. Trace back through signal path from symptom to- 
ward normal origin of missing or faulty signal. 

9. Take large steps toward origin until you find a 
normal signal, then small steps in direction of sig- 
nal-flow to find where the signal is blocked. 

10. Try to pick points to probe that are outputs of 
simple logic gates. 

11. At point where signal is blocked look for defective 
component, missing or fautly input signal, or extra 
input signal. 

12. Put original component back in socket if it is not 
defective. 

13. Be sure to put boards and components back cor- 
rectly. 

14. Trace source of missing, faulty, or extra input sig- 
nal the same way as when you first started at a 
primary symptom. 

15. Probe pins on device not pins on socket. 

16. Look carefully for single or low rep rate pulses. 

17. Check for shorts or excessive load on output of I.C. 
where signal is blocked, when other factors seem 
normal. 

18. Lift I.C. output pin to isolate from load if I.C. is 
not soldered in. 

19. Lift I.C. input pins to identify faulty inputs of I.C. 
if it is not soldered in. 

20. Heat boards to cause intermittent faults to occur. 

21. Cool one component at a time and observe results 
on heated boards. 

•See Nov/Dec 1974 issue of TEKSCOPE 
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INSTRUMENTS FOR SALE 

53/54D; $40; Instruments, Inc., 3432 Midway 
Dr., San Diego, CA 92110. (714) 223-7156; c/o 
D. C. Kalbfell. 

160, 161, 162, 163 & rack adapter; Sell or 
trade for 130 LC meter; Terry Perdue, 1470 
Wilson Rd., St. Joseph, MI 49085; (616) 429- 
7566. 

190, 105, 107, 180; $500 total. 511AD; $200; 
Dan Love; (213) 359-9141 X583. 

211; $650; Mark Kimball, Control Engineer- 
ing Assoc., 1702 Riverdale St., W. Springfield, 
MA 01089; (413) 732-2936. 

212; 10X attenuator pkg; BNC adapters; 
case; manuals; $700; James Branchaud, Bell 
& Howell Co., Honolulu, HI; (808) 847-4056. 

310 with access.; $300 or best offer; Tony 
Thomas, 3303 E. Denny Way, Seattle, WA 
98122; (206) 655-4470. 

422; Ceavco Audio-Visual Co., Inc.; 7475 W. 
16th, Denver, CO 80215; (303) 238-8463. Ask 
for Steve or Paul. 

422 with 2 probes; $1000; Hugh Hansen; 
(213) 640-1291. 

453 w/EMI Mod 8c miniature probes; $1800; 
David Rimi, (214) 337-5454 or (214) 941-1255. 

453, $1250; 454, $1800; RM561/2A60/3B1, 
$575; D & K Plug-ins, $35 ea.; W. A. Shirer, 
9350 Carmichael Dr., La Mesa, CA 92041; 
(714) 466-3578. 

465; $1550; S. L. Shannon, (616) 965-8087; 
Battle Creek, MI. 

465; $1600; George Coomes, 16801 Veronica 
E Detroit, MI 48021; (313) 775-0843 Home 
or (313) 273-5855 Bsns. 

507 (3); $2300 ea; A. R. Miller, Electro-Craft 
Inc., 1124 Dorchester Ave., Dorchester, MA 
02125; (617) 825-0980. 

512; $200; Mr. Singhmanan, 122 Nelson Ave., 
Peekskill, NY 12550; (914) 737-6502. 

514A; missing pwr. cord & probes; $450; John 
L. Lenzo, 14 Hoffman Ave., Poughkeepsie, 
NY 12603; (914) 454-5335. 

514D, 160A, 161, 162, 163; Best offer; A1 
Royce; (714) 734-0623. 

517A (3); $250 to $400; Gene Wilkerson, 
Photographic Consultants, Inc., 10 Brookhill 
Rd., East Brunswick, NJ 08816; (201) 257- 
2794. 

531 (2) with plug-ins & carts. Best offer over 
$300 ea.; 422 (2). Best offer over $475 ea.; 
General Kinetics Inc., 12300 Parklawn Dr., 
Rockville, MD 20852; (301) 881-2044. 

531 with 2 plug-ins; $350; R. Tsubota, Rt. 2, 
Box 442, Ontario, OR 97914. 

531A, $400; 533, $400; CA $165; 127 plug-in 
power supply, $200; Kurt Dinsmore, Box 67, 
Richardson, TX 75080; (214) 238-0591. 

531A, 1A1, B; $600 or best offer; Eric Green- 
stein; 218 Foster St.; Brighton, MA 02135; 
(617) 783-0881. 

532 with spare CRT & Access.; Wayne Burk- 
hardt, RFD 2, Spencer, MA 01562; (617) 765- 
9711 X2318. 

535-S2; 53/54C plug-in; Marty Planthold, 
Science Press, 300 W. Chestnut St., Ephrata, 
PA 17522; (717) 733-7981. 

535, 53/54C, 53G, $200; 105, $40; misc plug- 
ins & Equip.; (215) 648-2477 Bsns; (215) 933- 
8175 after 5 p.m. Home, Ask for Roy Russell. 

535A; $850; Terry Barnum, Communications 
Systems of Albany, 6 Highland Ave., Albany, 
NY 12205; (518) 482-4435. 



535A, CA; Bill Telekamp, MSI Data, 3180 
Red Hill, Costa Mesa, CA 92626. 

535A (2), CA (2); $300 ea. scope with plug-in; 
Seymour Hamer, Telemet, 185 Dixon Ave., 
Amityville, NY 11701, (516) 541-3600. 

545A/1A6/CA/P6013, C,27 Camera, cart; 
$1000; F. H. Bratton, 2133 Birchwood Ave, 
Wilmette, IL 60091; (312) 256-2440 (eves.) 

545 w/CA; $715; Mr. Richard Stan, 26177 
6 Mile Road, Redford, MI 48219; (313) 533- 
6700 (Bsns), (313) 422-7698 (Home). 

545A, G, 500/53A cart, 2 probes & hood; 
$1100 or best offer; K. A. Murphy, Johns- 
Manville Prod. Corp., 814 Richmond Ave., 
Richmond, IN 47374; (317) 966-1561. 

545L, $695; 585-82, $950; 661-5T3-4S2A, $850; 
Frank Chance, S&C Sales Co„ 319 Market St., 
Camden, NY 08101; (609) 963-5700. 

549, 1A2 202-1 cart, best offer; Jim Warner, 
McGraw Edison, Ol6an, NY 14760; (716) 372- 
7700. 

561, 2B67, 2A61; $700; Leo Larsen, 4659 Is. 
Sh. Dr., Pinckney, MI 48169; (313) 229-4651 
(eves.) 

564B Mod 121N w/3A6, 3A7, 3B3, 2B67; 
John Forster, Consulting Engineer, PO Box 
48, M.I.T. Branch P.O., Cambridge, MA 
02139. 

564B w/3A6, 3B3, $1800; 3A7, $350 or best 
offer; Jairus Lincoln, 44 Chandler St., Somer- 
ville, MA 02144. 

R568/3A2/3B2; $1067; E.D.A., Box AE, Cup- 
ertino, CA 94014; Attn: F. Shriver; (415) 
941-3968 or (415) 948-8812. 

(3) 611; $2750 ea.; G. Payne, Hughes Air- 
craft Co., 2020 Oceanside Blvd., Oceanside, 
CA 92054; (714) 757-1200 X314. 

647 w/lOAl & 11B2; $800; Solidstate Con- 
trols, Inc., 600 Oakland Park Ave., Columbus, 
OH 43214; Call Jeff Powell (614) 263-1886. 

647A, 11B2A, 10A1; below V 2 price; Michael 
Sherman; (213) 363-4401. 

2901; Call (203) 446-0280. 

4002A w/Joy Stick; Connie Shea, GTE Syl- 
vania; 189 13th St., Needham Heights, MA 
02194; (617) 449-2000 X2617. 

7503 W/7A12 & 7B52, 181, 516, CA, 53/54B, 
R, Z, L plug-ins, 160/161/162/163; (213) 348- 
5524. 

7504, 7A16, 7A15, 7B50, 7B51; best offer; 
Audrey Jackson, Epps Air Service; DeKalb 
Peachtree Airport, Chamblee, GA 30341; 
(404) 458-9851. 

7504, 7T11, 7B53A, 7S11(2), S3A (2); best 
offer; Charles McQuire c/o Dynamic Meas- 
urements Co., 6 Lowell Ave., Winchester, 
MA 01890. 

7613 W/7B53A, 15% off list; Gregory E. Pea- 
cock, Telaid Systems, Inc., 6725 Variel Ave., 
Canoga Park, CA 91303; (213) 884-5440. 

7A15, Henry Kallina, 5th 8c Walnut, Atlan- 
tic, IA; (712) 243- 2901. 

7B51; $275; Richard Baum, Electronic In- 
strument Labs Corp., PO Box 208, North 
Olmsted, OH 44070; (216) 779-7766. 

7T11, 7S11; Sid Sanders, COMCO, 300 Greco 
Ave., Coral Gables, FL 33134; (305) 445-2671. 

(5) C12-P. $375 ea; (3) C12-PE, $690 ea; (5) 
projected graticule 016-204-00, $120 ea; John 
Belicka; (203) 348-5381. 

C30A w/case, $300; Ed Phillips, Programmed 
Power; (415) 323-8454. 



C30A-P, 454; A. Okaya, Optical Data Prod- 
ucts, 38 Vitti St., New Canaan, CT 06840; 
(203) 966-1432 or (203) 966-5968. 

DC 502; Allen Drabicki, AJ Electronics, 7870 
Hawthorne Dr„ Liverpool, NY 13088; (315) 
652-7425 (eves.) 

INSTRUMENTS WANTED 

DM 501, TM 503; 25% off list price; Jim 
Kavitz, Washington Electronics Service, 3368 
Lee Highway, Bristol, VA 24201; (703) 466- 
9036. 

DM 503 Opt 1, TM 503, FG 501, PS 503, 2601, 
26A1, 26A2, 26G3; John Foster, N/J Elec- 
tronics, PO Box 577, Laramie, WY 82070. 

(4) FM 122, (1) RM 125 for FM 122, rack 
mount; $100; Barry Fox, Optronics Inter- 
national, Inc., 7 Stuart Road, Chelmsford, 
MA 01824; (617) 256-4511, 

TLD67 w/probes; $700; Robert Rahn; (213) 
360-0785. 

TLD67, Don Relyea, Hoffrel Instrument, 
Norwalk, CT; (203) 866-9205. 

106, 191; Frank Redder, Cornell Univ.; (607) 
256-3552. 

317; Dan Rasmussen, Jr., 323 Fuller St., Rich- 
land, WA 99352; (509) 943-3369. 

324; Jerry Staab, Autometrics, 4946 N. 63rd 
St., Boulder, CO 80301; (303) 449-1662. 

453 or 454; Cash; Dr. Gordon, 1435 W. 49th 
Place, Hialeah, FL 33012; (305) 822-1100. 

533A, cart 202-2 or 202-1; Bob McKibben; 
(509) 943-9141 X31. 

575 for 530 or 540; J. E. Fivecoate, Centaur 
Electronics, 743 S. Webster, Kokomo, IN 
46901; (317) 452-2739. 

4551, 4701; Robert Krause, Medical College 
of Pennsylvania, Cardiology Section, 3300 
Henry Ave., Philadelphia, PA 19129. 

1S1; Mike Levitt, Systems Concepts, 524 2nd 
St., San Francisco, CA 94107, (415) 494-222L 

1S1; Stuart Nelson, Systems Concepts, 524 
2nd St. San Francisco, CA 94107; (415) 433- 
5400. 

3A3, 3A9; Jerry Hall, Iowa State Univ.; (515) 
294-1423. 

3A9; Peter Costigan, 10 Quinton Drive, 
Nashua, NH 03060; (603) 882-7940 (eves). 

3A73, 3A3; Dr. Ronald Hoy, Cornell Univ.; 
(607) 256-7473. 

3A74; Jim Godwin, ROH Corp., 107 Tech- 
nology Park, Norcross, G A 30071. 

3B4; Dale W. Fitting, Memorial Hospital, 
Radiology Dept., 1924 Alcoa Hwy, Knox- 
ville, TN 37920; (615) 971-3701. 

7A15 or 7A18; Henry Kallina, 5th & Walnut, 
Atlantic, IA 50022; (712) 243-2901. 

10A1; cash or trade for 11B2; Jeff Cook; 
(805) 962-1080. 

82 & 81A plug-in; G. W. Hui, 5807, Gomer 
Pyle, San Antonio, TX 78240; (512) 696-6501 
(Bsns), (512) 684- 3940 (Home, weekends). 

P6038; Mr. Leo Berries; GTE Sylvania, Box 
360, Muncy, PA 17756; (717) 546-3191 X134. 

Scope, 20 MHz, single trace minimum sensi- 
tivity 5 mV/div; Duane Johnson; (206) 624- 
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Ivan Ivanov 



Two 

weatherproof 
TDR cable 
testers for 
field use 



E lectrical transmission lines and cables go most everywhere* You see them 
on poles and towers and coining out of the wall. But mostly they are out 
of sight- Like the arteries and capillaries that carry blood to our body cells 
they lace our cities, ships and airplanes and keep the parts perking, healthy 
anti unified. Some arc more vital and critical than others. Some have to be 
carefully placed and cared for- Others need to be fixed only when they fail. 
But whether you are testing a new installation, guarding against deter iora- 
lion, or finding a fault, the need for quick, simple diagnostic cable testing is 
the same. Here is the story of the development of two new state-of-the-art TDR 
Cable Testers for the field. 

Why two testers 

The need for a high resolution {100 ps to 150 ps risetime) battery operated, 
portable TDR cable tester of moderate price was recognized shortly after in- 
troducing the 1501 TDR for the CATV market in 1971- Market studies then 
also showed the need for a portable TDR tester for lines longer than 2000 
feet, where 150 ps risetime is too fast for their bandwidth* Therefore, we 
developed two rehectometers at the same time , . . the 1502 lor high resolution 
and the 1505 for long range. The two instruments resemble each other physi- 
cally but have some important electrical performance differences* 







Exceptional rugged ness and complete protection 
from bad weather are vitally important in the field. The 
1502 and 1503 are both designed to be operated out- 
doors in the worst kind of weather . , , wind, rain, sleet, 
snow, ocean spray, or dust storms. 

For guidelines on safety, rugged ness and weather- 
proofing, we used the detailed criteria in a U.L. Safety 
Standard and in the new US Military document MIL-T- 
28800 A for Type II, Class 2, Style A Test Equipment, 
Equipment of that Type, Glass, and Style qualify for 
use on aircraft Might lines, for example, and, inciden- 
tally, aircraft cable testing is one of the foremost appli- 
cations for the 1502, The 1503, mechanically equivalent 
to the 1502, is primaiity for testing telephone lines and 
communications cabling. Both reflet: tometers meet prac- 
tically all of the requirements specified in XflL-T- 
23800A. The table to the right is extracted from that 
document to show the requirements specified for Glass 
2, Style A Test Equipment, 

The weatherproof package 

Style A instruments arc ones which have a case that 
serves for storage and shipment, as well as adverse en- 
vironments* Called a combination case, it lias to be very 
rugged to withstand all kinds of weather and the shoe ks 
of rough handling and shipment. What material is best 
for such a case? After careful consideration of various 
metals and plastics, CYGOLOY KHP* plastic was 
chosen. That material is 41% ABS plastic and 59% poly- 
carbonate, It combines the outstanding strength and 
resilience characteristics of ABS, with the flame retar- 
dant characteristics of some polycarbonates. Although 
MIL-T-28800A does not specifically require the case 
material to be flame retardant, a consciousness of UL 
safety standards convinced us of the value* The main 
thing favoring a metal case was that it is a good shield 
against electro-magnetic interference, either due to 
radiation from the Re-Hectometer or radiation into it. 
Bui that problem was solved by using metal shielding 
around die chassis and frame of die instrument, inside 
the plastic case. Both the 1502 and 1503 meet the Elec- 
tromagnetic coni pa lability requirements of M1L-T- 
28800 A. 

To operate cither Reflectometer you must remove die 
watertight cover. Two easily operated, spring loaded, 
over<enter latches are built into a recess in the cover. 
They engage notches on the inside of two front panel 
knob-protecting guards dial arc part of the front panel 
casting. The latches, being recessed, can't be accident- 
ally released. When snapped into place, the cover makes 
a water-tight pressure seal against the panel with a 
gasket surrounding the edge of the cover. When un- 
mapped, the cover contains useful accessories for opera- 
tion and a small, waterproof, operator's manual. These 
items are kepi secure by a binged door and latch inside 



the cover. The cover matches the one-piece case and is 
made of the same material. The cover and case form the 
entire enclosure for the waterproof instrument. Four 
screws attach the case to the instrument chassis and hold 
pressure against the seal on the back side of the front 
sub-panel. The one-piece, metal handle is attached to 
the sides of the case by adjustable allcn-screws that 
apply smooth, friction-loaded pressure so the handle 
may be used as a tillable support It also lets you 
rotate the handles out of the way for stacking several 
instruments. 



1502/1503 

CLASS 2 REQUIREMENTS PERFORMANCE 



Temperature 
Non-operating 
{degrees Celsius) 


-62 to 85 


Same; batteries 
excepted. 


Temperature, Operating 
(degrees Celsius) at Rel- 
ative Humidity to 100% 


-40 to 55 
(Portable: 
I5 io55) 


Same; battery 
hours reduced 
at extremes 


Altitude Non-operating 


50,000 ft. 


Same 


A 1 1 i tutle O per ati n g 


10,000 It. 


Same 


Vibration Limits 
(M axiimnn) 




Same 


Minimum Vibration Test 
Time/ Axis 


45 min. 


Same 


Shock, Pulse (Level) 


iSg 


Same 


(Test Shocks) 


18 


Same 


Bench Handling 


Yes 


Same 


Crash Safely (Mounting 
Base) 


N/A 


Same 


F u ngu s I nert M a tori a 1 


Yes 


Same 


Salt Atmosphere 
Structural Parts 


Yes 


Same 


Explosive Atmosphere 


Yes 


Same 


Sand and Dust Resistance 


Yes 


Same 


STYLE A REQUIREMENTS 




1502/1503 

PERFORMANCE 


Transit Drop 


30 incites 


12 inches 


Watertight (3 feet) 


Cover On 


Same 


Splash proof 


Cover Off 


Same* 


Dripproof 


Cover Off 


Same* 


Salt Atmosphere Exposure 
Salt Solution 


48 hours 
20 Percent 


Same 

Same 


Si md a nd D u si R csi & ta nee 


Yes 


Same* 



* Not with optional chart recorder 
% Rea farcied 1 1-34icn1.uk of Hoc? ‘Warner dorp. 
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Battery pack pocket 

Because the 1502 and 1505 are buttery-operated there 
will be occasions when continuous use for more than 6 
hours requires substituting a fresh battery pack for one 
that is discharged. A discharged battery pack is easily 
removed by loosening two thumb screws on the rear of 
the case and unplugging the entire pack* The battery 
compartment is an integral part of the plastic case, a 
waterproof pocket that contains the entire pack and 
isolates the instrument circuitry against the possibility 
of contamination from chemicals leaking front defective 
cells* When plugged-in, with the thumb screws light- 
ened, the battery pack is isolated from the weather by a 
waterproof sea]. 

Putting the battery pack in its own pocket posed a 
problem to calibration and maintenance people, how- 
ever* How do you power the instrument with the case 
oil? Although the reflec tome ten may be operated from 
AC line voltage, the battery pack is used for filtering 
rectified voltage so it must be connected. The problem 
was solved without requiring a special adapter cable by 
making die cabinet pocket Conner tors a feed-through 
type with plugs on one side and matching receptacles 
on the other. That way the chassis mounted connectors 
have the correct spacing, style, and sex to mate directly 
with the battery pack connectors* Standard banana 
plugs and jacks were combined and used to maintain 
watertight integrity* 

An identical problem applies to the power cord re- 
ceptacle* You would like to be able to power your instru- 
ment with the case oil, using the same flower cord as 
stored in the front cover* A special feed-through power 
cord receptable-and plug was designed and mounted in 
the rear of the case 

Prepared for the worst 

With the front cover off, a 1502 or 1503 is ready to go to 
work* But it may have to work in the rain and wind 
without water getting inside, so all from panel open- 
ings had to be sealed* Some special seals were developed 
for the push-buttons, ert, and power switch shaft, but 
conventional commercial seals were available for the 
rotary controls. The POWER switch must be pulled to 
turn the instrument on and pushed to turn it off, The 
instrument is totally sealed by attaching the Front panel 
cover, and that automatically turns the power off by 
pushing the switch in* Good waterproofing measures 
keep sand and dust out with no additional attention* 

Portable maintenance equipment has to withstand 
inhuman treatment and the MIL-T-28800A test se- 
quence required the instrument to maintain its water 
tight properties after being subjected to a sequence of 
20 twelve-inch drops* 

Tlie main problem withstanding drops was support- 
ing ihc ert* At no point is it rigidly connected to the 
chassis. Instead, its faceplate is forced against a silicone- 




rubber cushion by pressure against a thick cushion at its 
base. The ert neck is protected against lateral shock by 
a doughnut-shaped plastic piece supporting it, A weak 
point in the ert gun structure Use! I was discovered 
and corrected while conducting the drop tests. The 
bench handling drop tests were mild compared to the 
other drop tests. Now let's take a look at some of the 
measurement capabilities of the 1502 and 1503* 

1502 * , . widest bandwidth battery-operated 
portable TOR 

The step-pulses generated in a 1502 have the shortest 
risetime of any known battery -operated portable TI>R. 
And die bandwidth of the instrument is greater than 
any other portable I DR* The displayed risetime of t 
(nearby) reflection is 140 ps or less and that defines the 
limit of distance resolution. Since transmitted pulses 
propagate at a rate close to 1.5 ns per foot in cable 
having a dielectric of solid polyethelene, it takes 3 ns to 
go one foot and return, or 500 ps to go QJ foot and 
return. The shortest distance scale on die 1502 is 0,1 
foot per division so the scales and the bandwidth arc 
adequate to accurately diagnose ail cable faults and im- 
perfections that are not so distant that they are masked 
by high frequency attenuation of the cable itself* Faults 
separated by as little as 0*6 inches can be resolved over 
short distances. 

Common cable faults are opens, shorts, kinks, frayed 
shielding, poor splices, bad connectors, wrong imped- 
ance cable, water soaked sections, defective loads, etc* 
The 1502 lets you examine up to 1 01 feet of cable at 0*1 
fool per division or up to 1010 feet at 1 foot per division. 
To get a preview of where to look for a fault, the FIND 
position of the FELT/DI V switch lets you see a full 
2000 feet at one time* Optional models of the 1502 may 
he ordered that are calibrated in METERS/ DIV* 

The vertical scale of the 1502 is calibrated in dimen- 
sionless units that correspond to the ratio of the ampli- 
tude of the reflected signal to tha t of the test pulse. The 
Greek letter p (Rho) represents the fractions* The knob 
that controls the vertical scale is labeled mp/DI V (milli- 
rho per division) rather than pf DIV so the units may be 
whole numbers. The seven position switch goes from 
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500 nip/ D IV to 5 mp/tliv, covering a 100 to 1 difference 
in sensitivity. 

1503 . , , long range impulse TDR 

Time Domain Re flee tome ter s use step-signals, impulse 
signals, or bursts of RF sinewaves. Step-signals have 
signal components covering the widest bandwidth and, 
therefore, offer the best diagnostic stimulus to a fault 
for responses in graphic form. Rut long lines typically 
attenuate high frequency components so much that 
high |>cak power must be transmitted or die attenuated 
reflections will be buried in noise. Step-signals with high 
peak power suitable for testing very long lines require 
such high average power that a light, portable TDR 
cannot be operated very long without discharging the 
battery pack, For this reason and others, narrow half- 
sine shaped pulses (impulses) are generated in the 1503 
and applied to the transmission line being tested. You 
have a choice of 10 ns, 100 ns or 1 ps impulse width. 

Narrow pulses arc attenuated more than wide pulses 
over a given length of transmission line, so wide pulses 
are used where narrow pulses would be attenuated too 
much. Very long transmission lines usually call for me 
oi the wider pulses. Fortunately the accuracy of fault 
location is not significantly degraded by use of wider 
pulses as long as the width is only a very small per- 
centage of the two way propagation time of the distance 
measured. Somewhat shorter but lossier lines, like 
twisted pair phone lines, may also require the wider 
pulses. 

Impulse return lots 

Sinewaves of a given frequency are attenuated by a 
predictable amount in a given type of transmission line. 
Such losses are usually expressed in dBper unit distance, 
as dB/100 ft. That figure lets you easily calculate how 
much signal amplitude to expect at any point along the 
cable and how much a reflection will be attenuated 
before arriving back at the input, knowing only the 
kind of cable. Impulses of controlled width and shape 
are also attenuated by a predictable amount, although 
calculating the amount is not as simple as for a single- 
frequency sine wave. Use of a table or graph correspond- 
ing to die kind of cable and die character of the impulse 
is a practical solution. Any signal energy that gets 
reflected back doesn't have the opportunity to go di- 
reedy through, so is "lost" by being re:urned. Since 
reflect Gin e ten indicate reflected energy it has become 
common practice to express the relative magnitude of 
such reflections in terms of dB of Return Loss. You 
should keep in mind, however, the distinction between 
the measured amplitude of a reflection and the original 
amplitude of that reflection. Reflections undergo atten- 
uation coming back to the signal source the same as the 
original signal is attenuated going down the cable. 

Impulse amplitude in the 1503 is 5 volts into a trans- 



mission line having an impedance that matches the 
selected source impedance of the 1503. A choice of 50, 
75, 93, or 125 ohms is selected by pushbuttons on the 
front panel. In some applications such as testing long 
antenna cables, where RF pickup may be very' large, the 
1503 may be used in place of the 1502 because the high 
amplitude pulse helps override the stray pickup. Also 
the input circuits of the 1503 are protected from 
most accidentally introduced external signals of high 
amplitude. 

Set your own zero reference 

Idle multi-turn DISTANCE dial on the 1502 and 1503 
has 3-digit readout, with four graduated divisions be- 
tween the digits of the least significant row of digits. 
Distance measurements made with this dial are like 
differential time measurements made with the multi- 
turn delay time dial on sonic oscilloscopes. However, 
the dial can be set to zero (000) and the zero-distance 
reference point in the TDR waveform positioned tu the 
desired graticule line on the ert. The ZERO REF SET 
control is used for that purpose. It is especially handy 
for making distance measurements that begin at the end 
of an interconnecting test cable instead of at the CABLE 
connector on the front panel of the reflectomeier. 
In other words, distance measurements don't have to 
start where the TDR pubes emerge from the re- 
Hectometer, they can start where the pulses emerge from 
the output end of a patch cable and enter the cable 
being tested. That way the propagation velocity of the 
patch cable doesn't need to match that of the cable or 
transmission line being tested. Nor do you need to 
remember to subtract its length from the distance meas- 
ured, The impedance of the patch cable should match 
that of the cable being rested, however. 

To complete the measurement, the DISTANCE dial 
is rotated until the fault or imperfection of interest 
moves to the selected graticule reference line. Then the 
distance to the fault is indicated directly by the numbers 
on the dial. The decimal point position for the indi- 
cated distance will depend on which multiplier and 
scale is used. 

Zero reference check — something new 

The multi-turn DISTANCE dial really doesn't have to 
be set at 000 before positioning the starting point in the 
TDR waveform to the reference graticule line. Pushing 
the ZERO REF CHECK button does the same thing as 
setting the dial to 000. If you think you may have 
bumped a knob or changed the setting of the FEET/ 
D1 V switch since positioning the beginning point to the 
reference line, or don't remember for sure which grati- 
cule line was chosen for reference, you only need to 
push the ZERO REF button to be sure. Should there 
be an error it may be corrected while the but ton is 
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pressed, rather than rotating the multi* turn dial all the 
way back to 000. 

Chart recordings , easier, easiest 

What may be viewed on the screen of the 1502 or 1503, 
may lie easily and inexpensively recorded by an optional 
plug-in strip chart recorder. Or an external X-Y re- 
corder may be used. 

The standard plug-in module supplied with a 1502 
or 1503 supplies standard amplitude X and Y deflection 
signals and ;l pen-lift signal to drive an external com- 
mercial X*Y recorder. Hut the simplest way to make a 
recording is with the plug-in strip chart recorder. No 
skill is required, no external equipment is required, 
and the cost ol a recording is less than that of a photo- 
graph. Any time the condition of a cable should be 
documented on the scene, this recorder is recommended. 
A strip chan 4 cm wide by 25 on long is available in 
about 20 seconds after moving the RECORD-CAMERA 
switch to the RECORD position. 

In die optional strip chart recorder the duration of 
the scan is automatically adjusted to correspond with 
the speed of the paper. The recorder makes a momen- 
tary pause while the stylus beats up, counts holes in the 
edge of the paper to adjust the cri beam scan speed, 
turns off the stylus heat when the right number of holes 
pass a photo-cell, turns oft the paper drive motor when 
the chan has completely emerged from the recorder, 
and electrically brakes the motor so it stops in die right 
position to draw the next graph, 

CRT phosphor flooded for taking pictures 

It is important for some customers to lake pictures of 
TDK "signatures" ol cables and terminations in good 
condition. That is so they may prepare documented 
instructions on how to recognize faults anti gradual 
deteriorations foi technicians using die 1502 and 1503, 
11 ui die power required to edge-light the cn graticule 
lor photographing is excessive in some battery operated 
portable instruments. Total operating power required 
by the 1502 and 1503 is only 2,5 watts, one third of the 
power of one smalt Christmas tree bulb! So a new idea 
was perfected— flood the ert phosphor during retrace 
instead of blanking the ert beam. By gating on a high 
Ircquency oscillator connected to the vertical deflection 
circuits, anti controlling the retrace speed, all the phos- 
phor crystals on the entire ert screen may l>e excited by 
the one ert writing beam during retrace* The effect is to 
illuminate the phosphor so the parallax-free internal 
graticule lines stand out in good contrast, A three-posi- 
tion toggle switch on die front panel, labeled (CAMERA 
in one position, selects that mode of operation. An 
optional camera bezel adapter accommodates the TEK- 
TRONIX G3QA oscilloscope camera 

Low amperes, long hours 

Several techniques were used to extend the battery oper- 



ating time* Using sampling principles conserves power 
because the fast, wideband circuits are operating only 
a small portion of the time and low bandwidth circuits 
generally don't require much power. Extensive low 
power CMOS 1C technology was used in the design. In 
addition current for the circuits requiring high peak 
power is turned off most of the time and turned on only 
shortly before being required each sampling cycle* That 
helps reduce power requirements further* The 1 502 and 
1503 will operate on batteries for at least 5 hours, in- 
cluding twenty strip charts. 

Battery pack protection 

Nine rechargeable size C cells are connected in series 
to make die battery pack. Complete discharge of any 
one of Uic cells in a series-connected pack can be a 
serious problem because further discharge of die other 
cells tends to reverse the polarity of the charge for the 
weakest cell and ruins it. Then, because there is no 
practical way to replace one cell at a time in a battery 
pack, the whole pack must be replaced. That is expen- 
sive. To protect the battery pack, a voltage-sensing 
circuit automatically switches power off when the bat- 
tery pack voltage drops below a safe level. A battery 
charge meter on the front panel gives you an indication 
of when the charge level is getting low. 

In summary 

Design ol the 1502 and 1503 Time Domain Re- 
fiectomcters combined several di vergent fields of highly 
technical expertise to provide practical, rugged, excep- 
tionally easy to use instruments capable of coping with 
the installation and maintenance problems of a vastly 
increasing number of cables and transmission lines. The 
designs have been completed after extensive consul ra- 
tion with some of the most knowledgeable of our 
potential customers. 
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A new 

50-MHz 

oscilloscope 



N ew things should he exciting. But what can he exciting about a 50- 
MHz oscilloscope we've had this measurement capability lor a long 
time. Removing the cabinet from tire TEKTRONIX 455 uncovers much 
that's new, and much that is exciting when we consider the impart on the 455 
and instruments that will follow. 

From an exterior viewpoint, the all-plastic cabinet, and its shape, is new to 
the 400-series portables. The contoured design and tough, glass-filled, shock 
resistant plastic result in a light, exceptionally rugged case. The material Is 
CYCOLOY KHP* the same as that used in the field-proven 200-Series 
ins tru in cuts. 

While newness is exciting, some things are better left unchanged — front 
panel layout, for instance. The controls on t lie 455 are just where you find 
them on the popular wider-bandwidth 465 and 475 oscilloscopes. There are 
some subtle changes, such as smaller pushbuttons, giving die front panel a 
more open appearance. Included are the same operating conveniences found 
on the wider bandwidth portables — automatic indication of the deflection 
factor, whether the signal is applied directly or through a H3X probe, and the 
ability to view f die external trigger signal simply by pressing a front-panel 
pushbutton. 

The vertical and horizontal sections look as though they may be plug ins. 
They are not. Rather, they are bolt* in modules for ease in manufacturing and 
servicing. Both result in lower cost for you. 





Fij^. L Wnical attcnoaim switch used in the 455, Two-piece 
plastic frame snul laser- 1 rimmed thick* film auemuior resistun 
greatly reduce assembly iml test time. 



It may be appropriate at this [joint to discuss the 455 
design goals. The key target was to build a quality 
50* Ml l a portable oscilloscope at minimum coal. Set vice- 
ability was high on the list of priorities, Two major 
alternatives were available: I) use existing components 
from wider-bandwidth instruments, thereby shortening 
engineering lime but increasing component cost, and 
2) design new components specifically for the 50-MHz 
bandwidth. The latter approach was adopted witli one 
major except ion — the cathode ray tube :% the same 
as that used in the 465. Newly designed, the ert offered 
little room for improvement in cost savings. 

The vertical section 

Wideband attenuators art* typically difficult and expen- 
sive to build. Here was a prime candidate for attention. 
The vertical attenuator assembly in (he 155 is radically 
different from that used in other TEKTRONIX instru- 
ments. The aduutoi assembly, contacts, and attenuator 
components are mounted in a two-piece molded plastic 
frame. The attenuator components are assembled on 
two ceramic substrates. One substrate contains the IX, 
lt)X and 100X attenuators; the other, two 2X gain- 
switching attenuators. The attenuator resistors are 
thick-film, lase) ti turned to the precise attenuation nitio* 
Using the new construction techniques, assembly and 
calibration time is reduced substantially, and the ability 
to service the attenuator once it is installed in the 
instrument is greatly enhanced. The ten-step attenuator 
provides calibrated deflection factors from 5 mV to 5 V 
pci division in a 1-2-5 sequence. The two vertical chan* 
nek can be cascaded by feeding the output of channel 2 
into channel I, giving a sensitivity of 1 niV/div at 20 
Mil/ bandwidth. 

A glance at the vertical amplifier section reveals a 
large ceramic substrate (l w x 1.5*) and relatively few 
discrete components. The substrate is a hybrid con- 
taining twenty duck-film resistors and two chips com- 
prising about 60% of the vertical amplifier circuitry. 
Both vertical channels are accommodated on the single 
substrate. Channel switching, variable gain, and posi- 
tioning circuitry are located on the substrate, with the 
switching logic supplied external to die hybrid. 

In addition to providing these functions, the hybrid 
provides an output signal of 0,4 mA/div to the delay 




2, T he hybrid at lower left con wins about 50% of I he '155 
vertical simplifier circuitry. At top left in the completed package. 
The 40 -pin mounting socket is ;il right. 

line driver transistors, and a 50 mV/div trigger output 
signal from each channel. It is interesting to note that 
a dc level change of only 5 volts occurs be tween the 
input and output of the hybrid. It is powered by 4-5 
volts and —5 volts, and consumes about 2 watts. Therm- 
al dissipation is accomplished by an aluminum multi- 
spoked heat sink bonded to the hybrid. The spoke 
design assures adequate t ooling regardless of the scojtt's 
position. 

Some of the techniques used in manufacturing the 
hybrid are of interest. High-frequency processes arc 
used to achieve a dean amplifier response without the 
need for numerous peak mg adjustments. After the 
chips are mounted on the substrate, the unit goes 
through a series of burn-in cycles to stabilize the cir- 
cuitry and weed out marginal units. Following this 
operation, laser trimming is performed to match chan- 
nel gains to within 0.5 per cent. Trimming takes place 
with power applied to the hybrid, eliminating time- 
consuming trial and error. 

With the increasing popularity of integrated circuits 
one may logically ask, “Why isn't the entire vertical 
integrated?" Jt could be. But it would not be compatible 
with the design goals for the 455. Sonic circuits are 
difficult to fabricate with current processes, hence ex- 
pensive. Providing optimum performance at minimum 
cost dictated the use of discretes for some portions of 
the circuitry such as the FET input source followers 
and the output amplifier. 

The horizontal section 

The horizontal section consist! of five circuit boards: 
one each for trigger, sweep, horizon tab time base A, and 
time base R, The boards interconnect directly without 
the need for cabling. 

Several new components are used in this section. 
Most prominent is the new timing switch (Fig. 3 ) . The 
timing boards for time bases A and B are integral 
parts of the switch. The actuator is mounted between 
the two boards, with the entire assembly removable as 
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a unit* Accessibility to all of the timing components is 
excellent even with the switch in place. 

Four new integrated circuits were developed for the 
horizontal section: trigger, sweep control, sweep gen- 
erator and horizontal preamplifier. Identical units are 
used for both time bases, with slight variations in func- 
tion for delayed sweep operation. The Miller integrator 
uses discrete dual FET's in a run-down configuration. 
The horizontal preamplifier IC converts die sweep to 
push-pull signals and provides the XI 0 magnifier and 
positioning circuitry. The horizontal output amplifier, 
located in the main module, provides the final signal 
amplification to drive the horizontal deflection plates. 

Twenty-two calibrated sweep rates for time base A 
range from 0.5 s/d. iv to 0,05 /tf/div in a 1-2-5 sequence. 
Time base B ranges from 50 ms/div to 0*05 jus/div in 
nineteen steps. The XI 0 magnifier extends both sweeps 
to 5 ns/di v. 

The power supplies 

The low-voltage power supply provides three of the 
regulated low- voltage sources (+5 volts, —5 volts, +32 
volts) used to operate the main, vertical and horizontal 
modules. High-gain amplifier cells with differential 
inputs monitor variations in the output voltages and 
provide correction signals to the series regulating tran- 
sistors. Short-circuit protection is provided for each of 
the supplies* A fourth low- voltage supply (+95 V) is 
produced in the ert circuit. 

The ert circuit contains the 7-axis circuitry, ert in- 
tensity, focus and astigmatism controls, and high-voltage 
supply, A unique high- efficiency type supply is used 
to generate the high voltage* Energy from the unregu- 
lated +32 volt supply is stored in an inductor during 
a portion of the oscillator cycle, and then discharged 
into the primary of the high-voltage transformer later 
in the cycle. The supply operates at the resonant fre- 
quency of the high voltage transformer, which is about 
45 kHz. Accelerating voltage is 12 kV, providing a 
bright trace even when the faster sweeps are running at 
a low rep rule* 

An available option includes a dc to ac inverter 
permitting operation from either a 12 or 24 volt dc 
source, such as the TEKTRONIX 1106, or from stan- 
dard ac line voltages. 

Mechanical innovations 

Much of what's new and exciting in .he 455 is the 
result of mechanical innovation. The vertical attenua- 
tor, timing, and trigger switches were designed to mini- 
mize production and assembly time, and maximize 
serviceability. The modular construction also simplifies 
assembly, testing, and servicing. The seven printed 
circuit boards comprising the entire unit interconnect 
directly, eliminating extensive cabling. As a conven- 
ience in servicing, extender cables are available for 
remotlng the horizontal and vertical sections* Ready 




Fift. 4, The liming boards for both (liiir buses form an Integral 
part of the TIME/ 1)1 V switch. 



access to the power supplies is provided by removing 
just four rear-panel screws. 

Modularity was even extended to the 10X attenuator 
probes supplied with the -155* The probe body, cable, 
and attenuator box are separate assemblies that plug 
together* Accidentally yanking the probe cable causes 
no damage. The probe tip, often damaged from exten- 
sive use, is easily replaced without disassembling the 
probe body, or use of a soldering iron. 

These, and other innovations in the 455, are the re- 
sult of an intensive engineering effort to provide you 
with state-of-the-art 50- MHz measurement capability 
at the lowest possible cost, We arc pleased with the 
results and confident you will be, too. 
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TheTM 500 
mobile 
test lab 



I n 194£> Tektronix designed and offered the first Scope-Mobile*, our regis- 
tered trade name for a mobile can for oscilloscopes. It was an instant 
success. Later models have a tilt-top, making them convenient to use whether 
you arc sitting or standing. They arc functional, rugged, and good-looking. 
We are proud to say they have been almost universally preferred to other 
makes and arc probably die most widely used kind of cart made especially 
for electronic test instruments. Scope-Mobiles have a historical significance in 
the development of the TM 500 Mobile Test Lab. 

The right kind of mobile cart does more for you than you might imagine. 
Even if you have used a Scope- Mobile, and like it, you may not have stopped 
to consider all the benefits, fact's take a look at a few. Keep in mind that what 
the right kind of cart can do for a scope it can do for other test instruments* 
Bench space savings is fairly obvious. Any instrument you can wheel up to 
your bench you can power whale still on wheels. But a cart is an extra bench 
that doesn't take ex fra floor space permanently. It won't crowd you except 
when you want to be surrounded by your work. Properly barricaded you can 
even avoid some of the friendly conversation that interrupts you when you 
least want to be. And it's easy to wheel the cart out of the way when you don't 
need it. 

A mobile leal bench 

When you can't bring the w f ork to your bench s* mobile cart lets you bring the 
bench to the work. There are numerous instances when you would like to test 
somebody's work with your own instruments, even if inspecting is not your 
job. Maybe you're uncomfortable with someone's conclusions, diagnosis or 
test methods. They won't think kindly of any challenge that requires direct 
substitution of your instruments for theirs. A side-by-side comparison is more 
tactful, more scientific and more convincing. 

Sometimes there is little or no choice about taking your instruments to die 
job. The job may be to test an X-ray machine that is bolted to the floor. Small, 
portable instruments usually come to mind in that situation. But if die job is 
within your own plant, laboratory, or institution, instruments on wheels may 
be more practical. You may find no bench or table available otherwise. And 
w r hat if you need more instruments than you can carry in both hands? 

Borrowed instruments return 

Borrowed instruments come back quicker when they have wheels* Ever notice 
that when a cart seems a part of the instrument the two tend to stay together? 
People don't ask to borrow merely your cart. When they borrow the instru- 
ment, the cart goes with it. naturally. Now when somebody needs to borrow 
your instrument he needs it, and he w r ould gladly tote it away himself if 



Fig. L A TM 500 Mobile Tat lab is pictured at right bciikg used to service an automatic 
component insertion machine. The bib incliulcs a storage cm illoscopc, DMM. counter, func- 
tion generator, pitk generator, power supply and digital delay unit. 
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necessary- But what about bringing it back? He never 
has a need to bring it back; and if that is inconvenient 
you may hit a snag getting it back when you need it. You 
are much more likely to get your instrument back as 
soon as his need is satisfied [fit has wheels* 

A mobile test lab 

If you know the benefits of u Scope-Mobile you can 
readily understand the significance of a compact lab- 
oratory on wheels, having only one power cord and a 
built-in way of minimizing test cable clutter. For years 
many of our customers have designed their own mobile 
test tabs using TEKTRONIX Scope- Mobiles. Now, 
with the TM 500, we can oiler a whole series of plug-in 
lest and measurement instruments that work together 
neatly on wheels as well as bench tops. The importance 
of this idea, when it embodies precisely the capabilities 
you have needed but couldn't afford in a customized 
mobile test lab, h just now becoming fully apparent, 
The concept is enthusiastically welcomed by a wide base 
of customers. They are telling us, in a spirit of discovery, 
how much they like what they see, how much they use 
what they buy* 

A TM 500 Mobile Test Lab looks like an ordinary 
Scope-Mobile with a bunch of spare plug-ins suspended 
from the tilt-top tray, a familiar sight* 11m a closer look 
reveals (1) that the plug-ins don't even werk in a scope, 



(2) that the plug-ins are basically separate, independ- 
ent instruments that merely share the same mainframe 
and regulated DC supplies, (3) that they will work 
together with internal patch cords as well as front panel 
jumper cables to reduce test-lead confusion and clutter, 
and (4) that the whole mobile lab, including an oscillo- 
scope, will operate from one AC power outlet. An avail- 
able option permits coupling signals between plug-ins 
located in separate power mainframes via rear-panel 
connectors, 

Some people who need a mobile lab have given up on 
the idea because the variety of instruments they require 
is so great they don't believe they could put them all 
together and have a system small enough to wheel 
about The small size and big variety of the TM 500 
series of test instruments will surprise you. There are 
over 25 plug-ins to choose from at present, including 
signal generators, amplifiers, counters, timers, multi* 
meters and a do-it-yourself plug-in chassis. We know we 
won't be able to supply every "widget" some people 
can't do without. And if you need a “widget" custom- 
designed, your designer will be far ahead by having the 
hardware and the DC supply voltages he needs, at the 
outset, The rest of the design will be the most fun for 
him, so you can expect quicker results as well as lower 
cost. Speaking of costs— the modular idea behind the 
TM 500 plug-ins is like that two edged sword: one edge 
lets you do your job better, the other edge cuts our costs 
so we can cut your costs, 

You may need a mobile test lab if you arc involved 
with any of the following: 

—Maintenance or calibration of equipment that can't 
be moved 

—Verification of performance of equipment that can't 
be spared 

-Production check-out of equipment on the floor 

—Quality assurance at the other fellow's station 

—Process control equipment that's all over the place 

—Presently toting or carting armloads of miscellan- 
eous instruments with you 

A mobile medical system 

A good example of a TM 500 Mobile Test Lab is one 
called MICSj a Medical Instrumentation Calibration 
System* See Figure 3. This system is ideal lor the main- 
tenance and calibration of various medical instruments 
found in hospitals* These include Electrocardiographs 
and Electrocardiographic Monitoring Systems, Coro- 
nary Resuscitation Carts, Diagnostic X-ray Systems, In- 
fant incubators, Electrocautery, and Diathermy 
Equipment* 

In the six slots that are part of the two TM 503 main- 
frames there is a multimeter, time -mark generator, 
counter, function generator, ramp generator and a dib 
ferential amplifier. On die tilt-top tray is a storage 
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oscilloscope. This particular setol instruments has been 
carefully selected lo meet the requirements of a large 
number of hospitals, but variations are easy to make* 

An Industrial mobile system 

Consider another example — final assembly and test 
checkout of large equipment on the production floor. 
Here is a typical picture: A manufacturer of computer 
peripherals has a large production area with twenty or 
thirty pieces of equipment being built in place, with 
one or two technicians assigned to each station. A few 
oscilloscopes on Scope- Mobiles are already being shared 
between different stations. Some counters, digital multi- 
meters* generators, etc* that you can't afford to have at 
every station are also shared. Where do you put them? 
You may stack them on top of the equipment, then on 
top of each other where they sometimes get bumped, fall 
and break. Or you may put them on the Boor where you 
kick them, stumble over die power cords, or have to 
stretch the test leads to make your hook-up. Test leads 
get intermittent that way. Or maybe you have to unplug 
several pieces of equipment to find all the AC outlets 
you need, and turn off somebody else’s equipment by 
mistake in the middle of a test. Not being able to dis- 
tinguish between the equipment which is purchased to 
be shared and that which goes with each station, ques- 
tions will arise about who owns which instrument and 
w'hose job it is to keep the instrument in good condi- 
tion. 'The mobile test lab straightens out such disorder. 

A large variety of combinations of instruments can be 
selected to make tip a TM 500 Mobile Test Lab, Select- 
ing the right combination for a given requirement takes 
a little thought, but not nearly as much as if you had 
to specify the entire requirements For a customized 
mobile lab. Free assistance in making such a selection 
is available from your Tektronix Field Engineer or 
Representative, 



Fig. 5. riemred at tight h the TM 500 Medical Instrument Cali- 
bration System (MtC$) with test selected for fervid itg 

the Instrumentation Died in hospital* ami other medical facilities. 
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Transmission 

line 

characteristics 
... a review 



A ] [ electrical transmission lines have what is called characteristic im- 
pedance, or Z 0 , We're aware of the importance of this characteristic 
when we warn to assure maximum transfer of energy between a transmitter 
and antenna, or some other signal source and its load* However, we may not 
all be aware of the significance of this characteristic in locating faults in trans- 
mission lines, or may not have developed a clear understanding of the differ- 
ences between transmission lines, and why they behave as they do* This review 
of basic transmission line characteristics may help. 

Use of the term "impedance’' usually implies a frequency dependence, so it 
is a little surprising that the characteristic impedance of a cable is not a 
frequency dependent characteristic To say characteristic "resistance" would 
be erroneous, however, became power is dissipated when current passes 
through a resistance, and there is no power loss in a transmission line that may 
be attributed to its characteristic impedance. The term "impedance" is a 
better choice, because its value is determined by the inductance and capaci- 
tance of the cable, as we shall see later. 



Fig. I, Underground cable used in wide-hand da la tran»misdon & vs terns contains twelve 
coaxial line* and over lilty twisted pain* 




Fig. 2. f ormula <ii top yields characicmtit impeilince of parallel 
liiici with air dielectric Inxioni bmuila is for owxia) liner. 

Consider what takes place if we apply a step function 
of voltage to a cable- If wc suddenly apply 50 volts across 
a 50-ohm cable, one ampere of current starts to How. All 
of this initial current is used to charge the capacitance 
between the conductors of the transmission line. That 
capacitance exists uniformly along the entire length of 
the line, and a change in voltage on one end of the cable 
cannot cause a change at the other end any faster than a 
voltage wave front can propagate down the cable, Hie 
cable is charged at a uniform speed to a uniform volt- 
age as the wave front moves through. This speed ranges 
between 6b % and 100% of the speed of light for com- 
mon dielectric materials, depending on the dielectric 
used between the conductors. The speed of light is 30 
centimeters per nanosecond so the propagation velocity 
is between 20 and 30 centimeters per nanosecond. Since 
30 cm is very dose to l foot you can also express the 
speed as 1 to 1-5 ns per foot. After die capacitance in the 
entire length of cable has been charged* voltage is avail- 
able to apply across the load. You might say that is when 
the applied voltage arrives at the load. 

Factors determining Z Q 

Since even straight wires have inductance, and every 
inch of cable capacitance is charged by current passing 
through the two cable conductors, it is not difficult to 
visualize how inductance and capacitance are the two 
factors that determine die characteristic impedance of a 
cable. As you would expect, cable impedance increases 
as the inductance per unit length increases. And, as you 
would expect, cable impedance decreases as capacitance 
per unit length increases. These two factors jointly de- 
termine how much current will flow when a given volt- 
age is suddenly applied. 



Characteristic impeda nce is equal to the square root 
of the L/C ratio (Z 0 — J L/C), where L is the induct- 
ance of a given length of cable, and C is the capacitance 
of the same length. The actual length doesn't matter 
because capacitance and inductance arc directly pro- 
portional to length. 

Two things determine the capacitance per foot of a 
coaxial cable: the dielectric constant of the material 
separating the conductors, and the ratio of the diameter 
of the conductors. The inside diameter of the outer con- 
ductor and the outside diameter of the inner conductor 
are the dimensions of interest Inductance per foot is 
determined only by the ratio of the diameters when the 
conductors are non -ferrous. Therefore, usually only two 
physical factors determine the capacitance and induct- 
ance and, consequently, the characteristic impedance: 
(1) the ratio of the diameters and (2) dielectric con- 
stant. Their relationship is expressed by the formula 
(138/yi) log ,q D/d, where Zq is the characteristic 
impedance, 1) the inside diameter of the outer com 
doctor, d the outside diameter of the inner conductor, 
and c the dielectric constant 

You can't tell the impedance of a coaxial table by its 
appearance but you can be sure its impedance is com- 
paratively high if its inner conductor is relatively small. 
In a similar way parallel twin-lead and twisted-pairs 
which have conductors that are widely spaced, com- 
pared to their diameter, will have a higher impedance 
than il the same conductors are closely spaced. 
Propagation velocity 

We touched briefly on propagation velocity earlier in 
this article. It is interesting to note that propagation 
velocity is not dependent on the physical size of a cable, 
the impedance of the cable, or the capacitance per unit 
length, ft is dependent only on the dielectric material, 
or materials, separating the conductors. Polyethylene is 
the most common dielectric material used in coaxial 
cables and underground power lines, and the material 
drat reduces propagation velocity most ... to G6% of 
the speed oi light in air. Polytctrafluoroethylene (FI FE 
or TEE) is even more stable than polyethylene and will 
not melt or flow at temperatures up to 200°C. This 
material is also known as Teflon* a DuPont trade name. 

Velocity is inversely proportional to the square root 
of the dielectric constant (V <x I//T). Cables with 
mostly air or gas for a dielectric have a propagation 
velocity close to the speed of light. When the dielectric 
is a mixture of two materials, such as polyethylene and 
air, the propagation velocity is between that for the two 
materials. Polyethylene foam is an example of such a 
mixture- When the electrical field between parallel con- 
ductors extends into the surrounding air the effective 
dielectric constant is also some value between that for 
air and that for the solid material. Twin-lead TV cable 
and twisted pair phone lines are examples. 
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Single Braided Shield ami Stmuled Center Conductor 




Double Shield and Stranded Center Conductor 










Double Shield a net Solid Center Qmducior 




Armored Jacket over Single Shield— Solid Center Conductor 
Supported in Hollow Polyethylene Tube by Twisted 
Polyethylene Thread* 




Polyethylene PlclkaJ Support for Center Conductor 





Two Insulated Shield* for Better Shielding or "Guard" 
Voltage on Inner Shield 




Steel Messenger Wire Supports Flexible Cable When 
Suspended Between Poles 




Hal Ribbotu Instead of Round Wires for Shield Reduce 
Losses Above About I GHz 




Solid Shield Over Solid T PL Insulation— Rugged, Si able, 
Cigalierti Ca ble 



Characteristic impedance and TDR 

The capacitance of 50 -ohm coaxial cables using non* 
ferrous conductors and solid polyethylene for a dielec- 
tric material is close to I pF per centimeter (30 pF per 
foot) , That is true regardless of the she of the coax 
because it is the ratio of the conductor diameters that 
determines the capacitance per unit length once you 
have settled on the dielectric material and the kind of 
conductors* 

If a coaxial line is sharply bent or compressed in some 
region there will be an increase in capacitance in that 
region and, consequently, a reduction in characteristic 
impedance there. If part of the outer conductor is worn 
away there will be an increase in impedance at dm 
|K>im. Anything that causes the characteristic imped- 
ance of the transmission line to deviate from its normal 
value will anise a signal passing through the cable to he 
partially reflected at that point* It is at this point that 
Time Domain ftef lee tome cry or TDR enters the pic- 
ture* If we know the propagation velocity of the line, 
we can use a TDR to measure the distance to the fault, 
greatly simplifying the task of locating the problem, A 
good deal of information about the nature of the fault 
can also be determined by even a relatively inexperi- 
enced operator. Now let's look at some other cable 
characteristics. 

Signal attenuation factors 

Voltage and power losses in a cable are caused prin- 
cipally by the resistance of the two conductors, at low 
frequencies, and by skin-effect and dielectric losses at 
high frequency. Losses due to sk i 11 -effect increase as 
frequency increases, and so do dielectric lasses. 

Skin-effect is a high frequency phenomenon which 
limits current to the surface region, or skin, of a con- 
ductor. As frequency is increased, less and less of the 
available metal does any conducting. In effect, the skin 
gets thinner, increasing the series resistance of the con- 
ductors as frequency increases. In coaxial cables the 
inner surface of the outer conductor and the outer sur- 
face of the inner conductor carry most of the current at 
high frequencies. Sonic large diameter coaxial cables 
have a hollow center conductor to avoid wasting the 
metal in the middle* Dielectric losses are relatively 
small for most dielectric materials and usually can be 
ignored for frequencies below about one gigahertz. 

Attenuation of a high frequency signal passing 
through a transmission line is proportional to the 
square of the length of the line. Therefore, attenuation 
is usually expressed in decibels per unit length, as 
ilB/JOO feet. The frequency must also be stated because 
attenuation increases with frequency and is approxi- 
mately proportional to the square root of frequency* 
When expressed in decibels, attenuation may be easily 
calculated for any specific length. For example, a kind 
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of cable which attenuates a 100 MHz signal 2 d.B/100 
feet could be expec ted to attenuate the same signal 0.2 
clB if it were ten feet long. When wideband signals are 
carried over a transmission line the waveform is dis- 
torted by the greater attenuation of the higher fre- 
quency components. The distortion may be mostly 
corrected by passing the signal through an amplifier 
having complementary characteristics. Cable TV line 
amplifiers and telephone relay amplifiers provide such 
a function* 

Coaxial cables have a practical upper frequency limit* 
the frequency at which the cable starts to act like a 
waveguide, Waveguides will propagate signals with 
much less attenuation than coax but they are narrow 
hand transmission lines. When wideband signals are 
applied to a coax and some frequency components ex- 
tend beyond the frequency where the coax behaves like 
a waveguide, the coax begins to act a little like a fre- 
quency selective filter. 

The cutoff frequency is inversely proportional to the 
sum of the conductor diameters (L C q qc l/D+d) for any 
given dielectric, so the smaller the cable the higher the 
frequency, Since high frequency signals and small diam- 
eter cables produce I he most signal attenuation* sig- 
nals above about 10 GHz simply can't be carried very far 
over coax without severe attenuation* The cutoff fre- 
quency for a 50-ohm cable with polyethylene dielectric 
(a D/d ratio of 3.6 to 1) and a l cm diameter (D), is 
close to 10 GHz* A, cable having the same dimensions, 
but with air for a dielectric, would have a cutoff fre- 
quency close to 15 GHz, 50% higher. Some cable manu- 
facturers are conservative in their claims and state the 
cutoff frequency to be 90% of these figures, or less, 

Designing for minimum loss 

Ordinary transmission lines range in impedance be- 
tween about 50 olnns and 300 ohms. The impedance is 
rather critical in some applications and of only minor 
importance in other cases. The 300 ohin twin-lead on 
a TV antenna matches the antenna impedance and 
thereby transfers the most signal power to the receiver. 
However, the "neutral" wires surrounding the insula- 
tion on a power line directly buried in the ground only 
act as a protective shield, Although their presence makes 
the line a coaxial cable, dies r win s on inariJy carry 
little or no currenL, The impedance of the power line as 
a coax is nearly inconsequential unless being tested 
with a refiectomcter. By contrast the 75-ohm, 54 -inch 
diameter coaxial tines used extensively for wide band 
telecommunications are meticulously designed and 
manufactured for minimum signal loss and the most 
economical use of materials and equipment. 

Where minimum signal loss per foot is most im- 
portant, a coaxial cable having an impedance of 77 
ohms, with air for a dielectric, is best* ft is not possible 



to use air exclusively, however, because the center con- 
ductor must be supported somehow. Discs, beads or 
spiral windings are used to support the center con- 
ductor in many cables having mostly air for a dielectric. 
The optimum impedance for lowest signal loss per foot 
is achieved when the ratio of diameters (D/d) is 3,6 to 
1. With that ratio, use of any ordinary dielectric ma- 
terial will result in the cable having an impedance be- 
tween 51 ohms (polyethylene) and 77 ohms (air). 

Loss per foot is reduced by using larger cables, of 
course, but then cost is also greater. Sometimes the 
cable diameter is dictated by the amount of current the 
conductors must carry, or the peak voltage that may 
sometimes be applied, Excessive temperature rise in :i 
center conductor can melt the dielectric anil cause a 
short between the shield and center conductor* Because 
of skin-effect, high frequency current heats up the con- 
ductors more than an equal amount of low frequency 
current. 

Sometimes high impedance cables are chosen so that 
a high impedance signal source may deliver the maxi- 
mum amount of voltage. For example, only about half 
as much voltage would be delivered over a 50-ohm cable 
to a 50-ohm load, as you could deliver to a 100-ohm load 
over a 100-ohm cable, But small diameter high imped- 
ance cables are fragile and difficult to build to a dose 
tolerance bec ause of the extremely small diameter of die 
center conductor. The D/d ratio of a 100-ohm cable 
with a polyethylene dielectric would be H to 1, but a 
200-ohm cable of the same sort would have a D/d ratio 
of more than 100 to 1 . m 
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INSTRUMENTS FOR SALE 



C27, $40C; Bob Oppelt, (203) 205-2301. 

D43R, Dt2, j, G; Jerry Somcr* (507) 835-5235 
(home) or (507) 333-2050X320 (Work) , 

DG7 (2) , Bob Heim, Della lisns Mach* 1723 
Hancock, Gi rina, LA, (504) 563*3402, 

FM122 (4) , II Ml 25 for FMI22, rack mourn, 
$1 00; Barry Fox, Optronics Int'l, Inc,, 7 
Stuart Rri, Chelmsford* M A 01824, (617) 256- 
4511 

H unit (2) , 335 ea.; T unit, 345; Dun, Wash 
ington Avionics, Seattle* WA, (205) 762 0100. 

1*6013, 375, Jim Crttes, CH Flextronics, 5300 
Castle brook Dr,, Raleigh, NC 27604, (919) 
333*2250, 

RI49A Op L 35,375; Harold Dougherty* Sat- 
tcrlicld Electronics* (GOfi) 257-4801. 

RM567 w/fJRlA. 3T5, 3S2 W/o sampling 
heads, trade for 25 Mlh realtime scope; G. 
B. Wilson* Box 32, Richardson, I X 75O80 
(214) 826*4503, 

$54, 3300; Arthur G, Alb in, 18200 167th Ave. 
NE* Woodinville, WA98072* (206) 186-0618. 

TLS54, 3350; Joe Lucas, Seattle, WA* (206) 
055-5331 (Work)* (206) 746-9436 (Home). 

TJ.S54; Syro Steel Go. Mr, James Raynish, 

1 1 70 N. State St, r Girard, Ol l 44420. 

1L5. 3995; Charles Black* 3138 Fatrvlcw Ave 
East* Seattle, W A 98102* (206) 324-3950. 

3SI, $400; Bill iMcCune* (408) 736*1060. 

71151 ; Jerry Foster, Mangood Corp** Streeter 
Amet Div„ Grays lake, IL 60030, (312) 223- 
4801. 

7B53AN* $725; A. V. Center* 61 16 N, Lincoln 
A vc, * C h 1 lit go j IL 60 650 , A U n : Mr, Pa u 1 R Ori * 
ton, (312) 530-7700. 

114; L. L, Glcmser, r>BS'3 Shenandoah, Allen 
Park, Ml 48101. (313) 381-5708, 

122; G. W. Ewing* Seaton liall Univ., Dept, 
ol Chemistry* South Orange, NJ 07079, 

211, $500; Mr, Stanley Lester, Boicc Div M 
Mech. Tech** Inc., Hyde Park, NY 12538, 
(914) 229-2171. 

262, 190 A* 105, 130, S30. 29L P6046; Bill 
Gnadicn, Circuit Supply Go,, 15109 Minne- 
tonka Industrial Blvd , Minnetonka* MN 
55343* (612) 9S3-228L 

310A; call Joe Lucero (208) 342-2711 X446, 
between 8:30 to 5:00. 

422, .$1000 w/std. access,; John Smith, Colum- 
bian, PO Box 180, Vancouver t WA 98GG0* 
(206) 694*3391. 

422, $900; Robert Gardner, Times Publishing, 
Co„ 205 W* !2Ui St., Erie* PA 16501, (814) 
456-8531. 

422. $900 - $1200; R, Corley* Baird -Atomic, 
Inc , 125 Middlesex Tpk* Bedford, MA 01730, 
(037) 276-6202. 

454. $2000; George Jannery, Ridgefield, CT, 

. (203) 438-5226* 

465 /DM43: Ronald M, Lord* 1 10 1 lima Lane, 
A PO San Fra ncisco, CA 96553; (BOH) 423- 
1 104. 

4 6 5 , $ 1 8 5 0 : ' 1 ev r y M el it li ter , (916) 25 8- 266 1 * 

401 Mod 189L; David Hostetler, Antenna 
Specialists, 12435 Euclid Ave.* Cleveland, OH 
44106, (216) 791-7878. 

[ M 5 0 1 (2 ) , D C!) 02 {2} ; I . , G io v a n n a ngel o , 
GF. Go.. 2379 John Glenn Dr„ Cham Idee, GA 
3034 1 , (404) 458-223 L 
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INSTRUMENTS FOR SALE 



503, $350; Larry My lire or Bob Custer, 1 Lilli- 
die Machinery. 4975 3rd Smith. Seattle, WA 
98134, (206) 762-7000. 

507 (3) * Surge Scope $2,300 ca.; A. R. Miller, 
rci, i 124 Dorchester Ave*, Dorchester* MA 
02125, (617) 823-0980. 

514 11: Warren King, Rt. 3* Box 27, Silverton, 
OR 97581* (503) 873-4959, 

5I7A, pwi sply, Scopemobile, $G00; Jeremy 
Sceger, Hancock, VT 05748. (802) 767-5152. 

519 iv /access** $2250; Mr. Li zee, II & D Con- 
sult, Inc., 3133 Iiodlcr Dr*, Topanga* CA 
90290. 

519, $2500; Paul Thomas, High Voltage Eng** 
Burlington* MA 01903, (617) 272-1313X283. 

531 A* E, CA; I inward Goumcau* Med ironies, 
(213) 843*1770, 

531, 58/54G* $450: Steven K, Robert, Cyber - 
ironic Systems, PO Box 18064* Louisville, KY 
40214. 

53 1, B; Geo, Brcmdel, $518 1st Ave. NW, 
Seat lie, WA 98107* 

531 plug ins: D, G, R, S (12 ca) ; Jim Knoall* 
1-1 Garni no College* Hawthorne, CA 00250, 

535, K> $459; Jay Staiger, JerroLd Electronics, 
200 Witmer Road, Horsham, PA 19044, (215) 
671-4800. X454* 

547 w/catt, I AJ* IL40, t32 pwr. *ply, PQOOK 
(2), P6028 (2), 115 (5) , Mr. J, Johnson, 
General Research Corp., 7655 Old Spring- 
house Road. Westgate Research Park* Mc- 
Lean, VA 22 1 01, (703) 893-5900* 

547, JA2. cart, Pal Phillips, Data 100 Corp,, 
7725 Wash* Ave So., Edina, MN 55435* (612) 
941-6500. 

549* 547* 546, I At; Wea Miller* 3845 Birch 
Ave,. Newport Beach, CA 92660* (714) 540* 
5231, 

545 Jl, $H)00; Mr, Peterson* Remote Record- 
ing Services.., #19 Hillcroft, Cherry Hill, NJ 
08034* (609) 547-4706. 

551, C-A p D (2) ; 605; 502 A ; Norman Altman* 
BA, I, Corp., Magee Ave., Stamford, CT, 
(203) 348-4277. 

561A/3A72/2B67* cart, hood, manuals* Mr. 
Johnson, (617) 583*0160* 

561 A, 3 AC* 3B4, $9U0; Fred Wong, Kai ironies* 
870 Mahler Sr., Burlingame, CA 94010, (415) 
697*9102. 

564. RMS 67 , $300 ca; 2BG7 (2) $100 ca*, C* 
W* fen kins, 2231 W. 4520 South. Sait Lake 
City, UT S4119, (801) 299-4262, 

567 w/3576, ST77* $2*395; 565, $595. 532. 
$365; I ce Lab* 13714 So. Normandie Ave,* 
Gardena, GA 90249. 
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575 w/ adapter* $580; Fred Davis* Yale Univ., 
(203) 436-8949. 

585* 81, Tv, $l(i(J0; 6SI , STS, 4S3, $1600; Pete 
Ed ward son* DAB Associates, 312 fhh Ave*, 

F I addon Hgls.NJ O8035* (609) 5474796, 

602* w/std or P7 phosphor; Mr, Norman 
Luiilz* 22234-1 James Allen Circle, Ghats* 
worth, CA 9131 L 

611 (2), $2,000 ea„ 4610; Rem Rochcr, Pro* 
cess Control, PPG Industries, POB 11472, 
Pittsburgh* PA 35238* (412) 362-5100. 

61 1 (2) , 460] , $2,100 ea.; Dr. S. J. Mustrb, 
Denver, CO (303) 255-4677. 

] 40 1 A - 1 * $ I *5 #£ .5 0; M el j ensch kc or J t m 
Lancaster, Rig Springs Cable TV, Box 1871, 
Big Springs* TK 79720 (915) 263-6259* 

4010-1; Dr. Willard Graven. Towson Stale 
College, Tdwstm, Mb 21204 (301) 823-75110 
X611 

4010- 1 ; Thelma Tragescv, Johns Hopkins 
Univ., Baltimore, MD (405 Ames Pin 11) , 
(301) 366-3300X319* 

5103N/DJO, 5AJ8N, 5A21N, 5B12N, Dennis 
Luther* Wilhite Instruments, 7685 Wash, 
Ave. .So., Edina, MN 55435 (612) 944-2535. 

7313* 7AI8N, 7B53AN, probes (2)* $2,800; 
Chuck Ullmaii, 13130 S. Yukon Ave,* Haw- 
thorne* GA (213) 973 -4191. 

7704* 7 A I tiA, 7A15A, 7BV0, 7B7L list less 
25%; John Newby, Union If rug* 136 Bus 
Terminal Rd„ Oak Ridge, TN 37830 (615) 
483 8429, 



INSTRUMENTS WANTED 

81 M; Paul l.aramee, lektronix* Inc* 31, 
Haight Ave,, Poughkeepsie, NY 12603 (914) 
454-7540. 

31.5, Dr. Ray HcfFerl in* Southern Missionary 
College, Box II, Coilegedale, TN 37315* (615) 
396-4363. 

3L5; Mr. Bentov, I. IL Development Co„ 241 
Glezen Lane, Way land* MA 01778 (617) 858- 
7319. 

53/54C, 1AL CA; Walt Williams* 14535 
Ben v Way* San Jose, CA 95124 (408) 337- 
2850! 

556 w/ (2) M; Larry Traylor* 733 E. Edna 
Place* Covina. CA 91723 (213) 966-7431. 

4701, 4501*4551; Dr* Krause, Medical College 
of Penn., 3300 Henry Ave., Philadelphia, PA 
19129 (215) 839-1645, 

5403, 5A48* 5IW2: Andy Samchuck, Batsom 
Grove, NC 28708 (704) 655-2970* 
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To our Tekscope readers: 

Beginning with this issue, a new section entitled “New 
Products" will appear in Tekscope. It includes the in- 
formation formerly contained in the New Product 
Supplement that accompanied Tekscope. To simplify 
printing and distribution, product prices are shown on 
the attached inquiry card rather than as a part of the 
product description. We invite you to use the card for 
further information or a demo of any of the products 
discussed. 

The "Classified Ad Supplement" that accompanied, 
or appeared as an integral part of, Tekscope is also 
available through the use of the inquiry card, We plan, 
by this means, to give you more up-to-date information 
on TEKTRONIX instruments our customers wish to 
buy or sell. 

We trust these changes will increase the value of 
Tekscope to you, and welcome your comments. 
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""Gordon R. Allison 
Tekscope Editor 
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D igital control of instrumentation is rapidly coming mto vogue. Besides 
being the popular thing to do, what are the advantages to users ot' spec- 
trum analyzers? One important advantage is the operating ease achieved by 
simplified controls, and the ability to place those controls for maximum 
operator convenience. But there is much more. 

The more includes an automatic start-up mode that switches in full at- 
tenuation to protect against inadvertent overloads damaging the input 
mixer, and sets the center frequency at zero with the 0-Hertz marker displayed 
on-screen for a quick operational check. More also includes new capabilities 
to measure signals masked by noise, and more precise measurements made 
with greater ease. These are just a few of the benefits in store for users of the 
7L5 Spectrum Analyzer. Others will be apparent as we discuss the 7L5 in 
greater detail. 

The 7L5 is a 0 to 5 MHz spectrum analyzer designed to operate in any 
7000-Series mainframe having crt readout. It occupies two plug-in compart- 
ments, leaving the other two compartments in a 1-hoie mainframe available 
for time shared time domain measurements. A unique plug-in front end over- 
comes the performance limitations imposed by trying to accommodate a wide 
range of input impedances, and permits an 80 dB dynamic window over a 
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Fig 1 . L Signal drift is easilv observed using i he max hold function. 
Split manor v is used to display frequency excursion over time 
interval, and frequency at time photo was taken. 



Fig. 2. T wo small signals in presence of noise with no digital 
averaging. 




Fig. 3. Same signals as in Fig. 2 with the signals below the sweep 
cursor digitally averaged. Noise i.s greatly reduced and true small 
signal amplitude of — 1 02 dBm is indicated. 

reference level range of — 128 dBm to -j- 2) dBm. Cali- 
brated displays are maintained for both dBm and dBV 
measurements, selected by a front-panel switch. 

Front-panel controls 

The uncluttered front panel of the 7L5 gives the im- 
pression that the unit is easy to operate. And it is. Digi- 
tal controls yield many benefits in die design, manu- 
facture, and usability of the instrument. They allow 
placing the controls for operator convenience, and give 
a much wider range than is usually available with con- 
ventional analog controls. For example, the Reference 



Level control has a range of M9 dB in 1 dB and 10 dB 
steps, and the Dot Frequency control covers a range of 
0 to 1090.75 kH/ in 250 Hz and 10 kHz steps. Digital 
operation also simplifies the coupling of two or more 
controls, eliminating expensive and complex mechani- 
cal configurations. With the Resolution control in the 
COUPLKl) position and the TIME/DiV in AUTO, 
optimum sweep rate and resolution are automatically 
selected for each position of die FREQUENCY SPAN/ 
DJY control, giving one-knob control of these three 
functions for many applications. 

One of the factors Lhat makes the 7L5 easy to operate 
is familiar nomenclature and function for the front- 
pane] controls. The major function that may be un- 
familiar to you is digital storage, so let's take a look at 
this section first. 

Digital storage 

Fom - push buttons and one variable control handle the 
digital storage functions of the 7L5. With none of the 
pushbuttons actuated, the unit operates as a conven- 
tional analyzer. Whh either DISPLAY A or B actuated, 
the digital storage sec lion is activated, and the bright, 
steady displays and measurement capabilities afforded 
by digital storage come into play. The memory is split 
into two sections of 25fi X axis locations each. When 
both A and B pushbuttons are actuated, the sections 
are interlaced allowing updating of ah 512 horizontal 
locations. Information in both memory sections is up- 
dated even- sweep unless die SAVE A pushbutton is 
actuated. With SAVE A and DISPLAY A actuated, data 
in A memory are displayed, but not updated, serving as 
a reference againsL which the con Lents of B memory 
can be compared. 

A maximum hold function is available by actuating 
the MAX HOLD comrol. In this mode, the maximum 
amplitude stored in every horizontal position of the 
memory is displayed. The information is updated every 
sweep, with (lie resultant display a cumulative envelope 
as a progression of time. Figure 1 shows such a display. 
Using split memory, die flat top pedestal shows the 
frequency excursion of an oscillator as it shifted about 
one and one half divisions across the screen, while the 
second half of the memory displays die oscillator fre- 
quency at the time the photo was taken. 7"his function 
is useful in checking for signal drift as in Figure 1, or 
for unattended monitoring for the presence of short- 
duration signals. 

A unique feature of the 7L5 digital storage is the 
ability to digitally average the amplitude of the dis- 
played signal. The threshold i or averaging is continually 
adjustable from the bottom of the display, for no aver- 
aging, to the top of the display, for averaging all dis- 
played signals. The averaging threshold selected is in- 
dicated by a sweep cursor displayed on die ert (Fig. 2, 
3). The cursor control serves as a baseline dipper 








Fig. 4. Simplified functional block diagram of the 7U5. 



control in the non-storage mode. The averaging cm 
cuitry has a bandwidth equivalent to a 2.5 Hz to 12.5 
kHz filter, as a function of the sweep speed selected, and 
sweep rates are not as limited as with conventional 
video filters. 

Now let's consider the conventional functions of the 
7L5. 

Processor control simplifies operation 

Two custom MOS processors developed by Tektronix 
control the frequency tuning {horizontal axis) and 
reference level (vertical axis) functions. These chips 
decode the front-panel controls and serve as an interface 
to the remainder of the circuitry. 

The vertical processor detects which plug-in front 
end is in use and selects the proper dynamic window 
and the appropriate vertical readouts. It decodes the 
reference level selected and chooses the appropriate 
attenuation and gain settings. Four attenuators are 
available; 4, 8, 16, and 32 dB. These are selected in 
conjunction with gain steps of 1, 2, 4, 8, 16, another 16, 
and a post variable resolution gain of 60 dB, to achieve 
the desired reference levels. For example, to select a 1 
dB change in gain, (above a reference level of — 29 
dBm) , we insert 4 dB of attenuation and 3 dB of gain. 

The Reference Level control is a 16-position, 360° 
rotating switch consisting of two circuit- board switch 
sections having eight pads each. The output of these 
two sections generates two square waves 90° out of 
phase developing what we call a 4 -lev el, 2-bit gray code; 
a gray code being a binary number which changes one 
bit at a time. Whether the number increases or de- 
creases depends on which direction the knob is turned. 
The output of the Reference Level control is fed into 
an 8-bit up-down counter that, in conjunction with 
other inputs, provides the 8-bit code for the vertical 
processor to set the reference level. A ROM contains 
attenuation and gain information for each reference 



level selected, and switches attenuation in or out by 
means of TEK-made relays. Gain is inserted or removed 
by CMOS analog switches in the IF, Variable Resolu- 
tion (VR) , and post-VR stages. 

The front panel INPUT BUFFER pushbutton pro- 
vides a quick, easy check for intermodulation (XM) 
distortion and reduces the likelihood of IM products. 
Activating the input buffer inserts 8 dB of attenuation 
at the analyzer front end, and compensates by inserting 
8 dB of post-VR gain to maintain a constant display 
amplitude for input signals. It also provides a cleaner 
50-ohm termination (than a mixer) at the input, for 
those applications requiring it. 

Frequency selection 

The frequency control system combines a synthesizer 
with digital techniques that permits setting the fre- 
quency tvith six-digit resolution and excellent stability 
immediately after turn-on. A dot is displayed on-screen 
to indicate the point on the display that corresponds 
to the 6-digit readout. With the DOT MKR control 
fully counterclockwise the dot is at center screen. The 
dot can be positioned to the left side of the screen to 
operate in a “start” mode, with the readout always 
displaying the frequency at the dot position. 

The 1st L.O. consists of three phase-locked oscilla- 
tors. Two of the oscillators (A and B) control a third 
oscillator to generate a digitally stepped, or synthesized, 
10.7 to 15.7 MHz output. The A and B Oscillators use 
divide-by-N synthesizer loops to generate 100 kHz and 
10 kHz signal steps respectively. In addition, the B 
Oscillator output frequency is divided by 40, thus gen- 
erating steps of 250 Hz. The A and B Oscillators are 
swept by the shaped sawtooth input to generate a swept 
frequency output across the full frequency span. To 
achieve an 80 dB dynamic window and exceptionally 
low residual FM, A Oscillator is swept when using fre- 
quency spans of 500 kHz/div to 5 kHz/div, and B Oscil- 
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lator when using spans oi 2 kHz/div to dO Hz/div. High 
stability is maintained by phase-lDcking the system dur- 
ing sweep retrace, or every 100 seconds when operating 
in a non-sweeping inode. 

The output of the 1st L.O. goes to the 1st Mixer 
located in the front-end plug-in module. The resultant 
10.7 MHz signal is led to the 1st IF Located in the 
main plug-in. There it is amplified and then mixed 
with the 10.-15 MHz signal from the phase-locked 2nd 
L.O., giving a 2nd IF frequency of" 250 kHz. Passing 
through the 250 kHz gain switched amplifier* the Vari- 
able Resolution circuitry, and the Log Amp, which 
provides up to GO dB of switched gain, the signal is 
then detected and passed to the logic circuitry for dis- 
play along with die frequency dot and die averaging 
cursor (Fig. -1) . 



Careful attention to design at every stage yields ex- 
cellent intermodulation performance with IM products 
for two on-screen —40 dBm signals down at least 80 dB. 
Internally generated spurious signals are —130 dBm, 
or less, referred to the input mixer. Noise specifications 
are equally impressive; —105 dBm at 30 kHz resolution 
and improving to — 135 dBm, or less, at 10 FIz. 

Now let's turn our attention to die mechanical aspects 
of the 7 L5, 

Mechanical innovation 

The design goals for the 7L5 provided challenge and 
opportunity for many mechanical innovations. One of 
the major goals was to develop front panel controls to 
satisfy a concept of instrument architecture having a 
plug-on front panel for ease of manufacturing, assem- 
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Fig. 5. Digitally controlled 
circuitry allows construction 
techniques for ease of 
manufacture and service. 
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blv, and servicing. r Lo meet this need, a rotary switch 
using optoelectronic concepts (no mechanical contacts) 
was developed. The switching elements were to be 
localized in the knob, and the entire assembly was to 
plug into the front panel. Further requirements dic- 
tated a minimum of 30 positions, smallest possible size, 
capability of mass production, high reliability and ease 
of repair. The end result of many designs is a switch 
contained in a knob shell 1" in diameter and long. 
The separate parts of the switch are shown in Figure 6. 
Basically the switch consists of a detent mechanism, a 
5-element LED light source, a slotted shutter wheel, 
and a 5-element photo transistor assembly. The 5-ele- 
ment optoelectric array gives a capability of 2 r, f or 32 
switch positions. 

Both the LED's and the photo transistors had to be 
positioned very accurately in relation to one another 
and in relation to the shutter wheel. A package was 
developed for them with the five LED's in series instal- 




Fig. 6. Elements of the optoelectronic switch-in-ii-knob that gen- 
erates a 5-bit coder for control of lime/div and frequency span, 
(a) retainer ring, (I)) phototransistor holder assembly, (c) spacer 
ring, (d) shutter, (c) light bailie, (f) LED array holder assembly, 
(g) spring washer, (h) detent assembly, (i) shaft assembly, (j) knob 
shell. 

led on a lead frame, and encapsulated in transparent 
epoxy with integrally molded focusing lenses. The 
phototransistor chips are also mounted on a lead frame, 
wired in parallel, and encapsulated in the same manner 
as the LED's. The shutter wheel is chemically milled 
for economic precision production. 

The output of the switch is a 5-bit code at a level 
which interfaces directly with CMOS logic. Two switch- 
es of this type are used in the 7L5. They are the TIME/ 
DIV and FREQUENCY SPAN /DIV Controls. 

The RESOLUTION, DOT FREQUENCY, AND 
REFERENCE LEVEL controls also are knob switches, 
but of a different type. They are circuit board switches, 
with the switching elements located inside the knob. 
The DOT FREQUENCY and REFERENCE LEVEL 



controls are identical except for the number of posi- 
tions. They generate a 4-level, 2-bit, gray code as dis- 
cussed previously. 

Other mechanical techniques contributing to the 
outstanding performance of the 7L5 include numerical- 
controlled milling of the honeycomb chassis, and chem- 
ical milling of mumetal gaskets for effective shielding 
of some areas. A unique U-shaped feedthrough device 
reduces cost and complexity by coupling signals be- 
tween compartments without the need for cables and 
connectors. 

The outboard chassis on the left side of the 7L5 
swings out, providing easy access for servicing without 
extension boards or cables. The entire unit can be dis- 
assembled in minutes, into the major components 
pictured in Figure 5. 

Summary 

The 7L5 combines frequency synthesis with digital 
technology to produce a 0 to 5 MHz spectrum analyzer 
with exceptional accuracy and frequency stability. Crt 
readout of measurement parameters and simplicity of 
operating controls assures easy, error-free operation. 
Digital storage provides a bright display, and averaging 
techniques that allow peak levels and averaged signals 
to be displayed together. Plug-in front-end modules 
yield low- noise levels and an 80 dB dynamic display 
range. Digital controls give precise selection of measure- 
ment parameters, simplify mechanical construction, 
and speed servicing. 
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Transition counting 
with an oscilloscope 

M any people involved with troubleshooting digi- 
tal circuits are continually looking for a better 
way to do the job. And people building instruments to 
test digital circuits are likewise looking for better ideas 
so their instruments may do a better job. A very power- 
ful technique called transition counting has been used 
by some manufacturers of circuit board test equipment, 
and a transition counter lias now been combined with 
the most popular Tektronix oscilloscope, the “165, for 
servicing digital circuits. This technique and this in- 
strument are undoubtedly just the kind of "better wav" 
many people have been looking for. The time-saving, 
money-saving potential is vast. We would like to tell 
you about the technique, how we have combined a 
transition counter with an oscilloscope, and what that 
can do for two groups of people. 

The first group is comprised of those who are con- 
cerned about the great expense of their inventory of 
replacement circuit boards, the long shipping delay for 
repaired boards, or, perhaps, the red-tape and delay 
uncertainty through Customs when exchanging boards 
between countries. The second group: those people who 
are concerned about the high percentage of training 
time required to keep their highly qualified technicians 
familiar with new equipment. 

Truth tables vs count comparison 

Most engineers and technicians become familiar with 
truth tables when they first learn about logic circuits. In 
school you get a pretty strong impression that the state 
of an output is dependent on the combination of HIGH 
or LOW states on the various inputs. That is a way of 
envisioning the operation of a logic circuit that is like 
taking a snapshot ... it freezes the action. Although 
we are aware that the inputs normally change states, 
and that the outputs normally change states as a con- 
sequence, there is little point in trying to envision the 
action. The action of going from a LOW to a HIGH, or 



from a HIGH to a LOW, is simply called a transition. 
If you go from LOW" to HIGH and back to LOW, you 
have had two transitions. 

A simple two-input AND gate which has one input 
repeatedly going between HIGH and LOW should 
have an output which goes through an equal number of 
transitions during any interval when the second input 
remains at the asserted level. 

By using the signal at the second input to gate a 
digital counter, the transitions at the output and at the 
first input may he counted and the numbers compared. 
If the AND gate is functioning properly the two will be 
the same. In other words, with the right digital counter 
and a suitable set of input signals, you can determine 
whether the AND gate is functioning properly by 
co u nt i n g t r a n s i ti o n s . 

This principle does not seem very important until 
you realize it applies to complex IC’s and large sections 
of digital circuits, as well as to individual gates and flip- 
II ops. Using the principle, entire circuit boards may be 
tested, and faults isolated to the component causing 
the trouble. 

If a circuit board is tested and found to be faulty what 
then? The trouble may be isolated and the faulty ele- 
ment identified and replaced on the spot, using the 
same transition counting technique. You don’t have to 
be testing boards; you may be troubleshooting a portion 
of a board, or the entire equipment the board is used in. 

The main data needed when counting transitions is 
a set of numbers showing the proper number of transi- 
tions to expect at any point. Such data may be written 
on the circuit diagrams adjacent to the corresponding 
points. Figure 2 shows a circuit diagram labeled for 
using the transition counter technique of trouble- 
shooting. 

For the numbers to be valid, the time intervals during 
which transitions are counted must be identified. In 
most cases such intervals correspond to either the 
period of one cycle of the signal at some point in the cir- 
cuits being tested, or the width of a pulse at that point. 
When a probe is connected to the identified point, and 
the counter set to recognize the proper gating interval 
from the signal there, only one other probe is needed: 
the troubleshooting probe. With that probe you may 
check counts at any other point. 

For the gating intervals to be correct and the num- 
bers to be valid, the equipment must be operated in the 
proper mode. For some equipment the proper mode 
may be a special diagnostic: routine. For other equip- 
ment it may be merely how the controls and switches 
are set. Either way, a few informative sentences, or a 
set-up procedure, can identify the mode. 

So transition counting depends on knowing three 
things: (1) the right number of counts to expect, (2) the 
right count-gating time intervals to select, and (3) the 
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Fig. 1 . The top of a 465 MOD 719A Oscilloscope, showing the con- 
trols and display window of a built-in digital counter. The oscillo- 
scope probes may be used with l. he counter at the same time they 
are used for the scope. Input attenuators for the scope reduce the 



signals to the right size for the counter when they are the right 
size for the ert screen. MOD 719A counts signal transitions not 
signal cycles. Signal cycles will be one half of the number indicated. 



right mode of operating the equipment containing the 
circuits being tested. The equipment designer is prob- 
ably in the best position to supply this information be- 
cause of his familiarity with the various operating 
modes and circuit functions. When the designer has a 
TEKTRONIX 165 Oscilloscope Mod 7I9A, it is no 
chore at all for him to compile the information. He 
merely picks an appropriate operating mode to exercise 
most, if not all, inputs, identifies the count-gating 
signal, measures the counts with his 465 at all the 
various points, and logs the counts on a circuit diagram. 
Forever after, troubleshooting is fast, simple, and con- 
venient for anyone who has a 465 Mod 7I9A. 

The information does not have to be supplied by the 
designer. A skilled service technician can do a com- 
parable job. Nor does the information have to be com- 
piled at the time the equipment is designed. It will pay 
many service organizations to compile such information 
as a supplement to the service manuals they presently 
use. It will also pay equipment manufacturers to com- 
pile and furnish such data on equipment introduced 
years ago, if it is still being supplied and posing a service 
problem. 

Making a transition counter part of an oscilloscope 
makes good sense. Very little extra room or cost is re- 
quired because many of the circuits are common. That 
says the price for the combination can be less than a 
separate counter and oscilloscope. Of equal importance 
to most people is the convenience of having one piece of 
service equipment that will do most jobs. Even the scope 
probes serve a double role. See Figure 1 for how we com- 
bined a transition counter with the 465. 

Capturing the counts 

The vertical input signals are routed internally to the 
transition counter circuits, as well as to the scope cir- 
cuits. The transition counter always looks at the signal 
that arrives at channel 1 on the dual-trace scope. Transi- 



tions of that signal are what you count. The signal that 
arrives at channel 2 may be used to gate the counter on 
and off whenever the CH2 GATED pushbutton, or the 
GH2 PERIOD pushbutton, is pressed. 

When the A SWP pushbutton is selected, counting is 
enabled during those time intervals when the A sweep 
is moving the ert beam. And when the TOTALIZE 
pushbutton is pushed, counting is enabled each time 
the RESET button is pressed. 

To count transitions of the signal at channel 1, you 
trigger the counter on that signal. To gate the counter 
on and off with the signal at channel 2, you trigger the 
counter gating circuits with that signal. Proper trigger- 
ing for each channel is indicated by a monitor light 
located next to each TRIGGERING ADJUST control 

The scope sweeps don’t have to be triggered except 
when the A SWP GATE is used for the count gate. But 
when they are triggered, you can display the signal 
being counted, the signal doing the count-gating, or 
both. The channel 1 and channel 2 VOLTS/DI V con- 
trols govern the amplitude of the displayed signals and, 
also, the amplitude of the signals arriving at the counter 
trigger circuits. The scope may always be used as a 
signal monitor if count-triggering should be difficult 
or unstable. 

Transition counting can be done using the A sweep 
gating signal as the count-gating signal by pushing the 
A SWP GATE pushbutton. That allows you to use only 
one probe anytime you can be sure that every transition 
you want to count is displayed on a particular sweep. A 
continually variable count-gating signal may be simu- 
lated by varying the length (duration) of the A sweep. 
The length is controlled with the 10- turn DELAY 
TIME POSITION control when the B ENDS A mode 
is selected. The duration may also be controlled with 
the VAR (Variable) TI ME /'D IV control 

When the equipment is not apt to have a count- 
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By labeling each signal lead on a circuit diagram with the 
number of transitions that should occur on that lead during 
identified time intervals, the cause of a wrong number may be 
traced to its source. Wrong counts are traced to Lhc source of 
error back along any signal path where there is also an 
erroneous count. Any path where there is a correct count is 
ignored. 

The proper time intervals during which transitions are to 
be counted must be identified. That is sometimes done by 
indicating the source of the gating signal, and what portion 
of the signal corresponds to the correct intervals. If the time 
interval signals in your equipment are apt to he faulty you 
may simulate the right interval with the scope. 

The scope sweep gate signal may be used to gate the 
counter when the pulses occur in easily recognized groups. Or 
the sweep gate signal may be set to have a duration deter- 
mined by a given number of clock signal transitions. You 
merely trigger on the clock signal, count clock signal transi- 
tions, and vary the sweep length until the right number of 
transitions are indicated. That sweep gate signal is then used 
for all the rest of the transition counts. 

You can simulate a faulty IC in the equipment shown in 
the above diagram by lifting pin 5 of U2. The result will be 
an erroneous count of 4 at its output, that appears at all 
points along the path to the FRAME signal output. Anyone 
that can use an oscilloscope and follow a circuit diagram can 
find the fault in a matter of minutes even without knowing 
what the equipment is supposed to do, or how to operate it. 



Troubleshooting Instructions might read like this: 

Equipment Operating Mode: 

Set the three toggle switches to position shown on diagram. 

Oscilloscope Operating Mode: 

Horizontal . . . B Sweep at .05 ^s/DIV, A Sweep at 20 ^ts/DIV, 
A IN TENS pushbutton in. 

Triggers ... A Trigger in NORM mode, AC Coupled, CH2 
source, -f Slope, Holdoff in B ends A position. 

R (DLY’D) Trigger AC Coupled, CH2 Source, -f Slope. 

Vertical ... CHI Mode, l V/DIV with probe, AC Coupled. 

Probes . . . Troubleshooting probe on CFI1, triggering probe 
on CH2, both connected to resistor R8, the clock signal. 

Control Settings . . . Set A TRIGGER LEVEL near middle 
of triggered range as indicated by the TRIG light. 

Set B (DLY'D) TRIGGER LEVEL near middle of triggered 
range for triggered B sweep, as indicated by a shortened 
sweep when DELAY TIME POSITION control is moved Lo 
about mid range. Set Delay Time Position control and CHI 
Triggering Adjust for a displayed count of 254. 

Troubleshooting 

All points may now be checked for the proper number of 
transitions indicated on the circuit diagram, using only the 
troubleshooting probe. 
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gating signal that is much more trouble-free than sig- 
nals in other parts of the equipment, a reliable gating 
signal may be simulated in the scope by varying the 
sweep length. You do that by counting a specified num- 
ber of signal cycles in the equipment, usually clock sig- 
nal cycles. An example is the equipment shown in 
Figure 2. 7'he FRAME signal output from that circuit 
would normally make an ideal gating signal, because 
the period of one cycle (2 transitions) is properly re- 
lated to all the other inputs and outputs. But nearly 
any fault, including the one introduced by lifting pin 
5 of IG U2, changes that signal period and therefore 
makes it unsuitable. Instead, the scope is operated in 
such a way that a gating signal of equal length is pro- 
duced in the scope. You know it’s the right length when 
you set it to give you the right count of dock signal 
transitions. 

It is important to note that the particular delect 
chosen would not have been detectable with a logic 
probe because no output was locked up HIGH or 
LOW. 

Transition counting can also be done on a one-shot 
basis by selecting the TOTALIZE pushbutton and 
pushing the RESET pushbutton each time a count is 
ready to be made. This mode is very useful for trouble- 
shooting non-repetitivc signals, such as you may find in 
a calculator when a particular calculation is in error. 
With tli is mode only one probe is required. 

The DISPLAY TIME control will hold and display 
any count indefinitely, or enable fresh counting to 
occur frequently. 

Noise spikes as wide as 50 ns or 100 ns may be ignored 
by a count-pulse width discriminator pushbutton. 

A very unique and useful feature is a count COM- 
PARATOR mode of operating the 105 Mod 7 1 9 A . 
Many times circuit troubles are intermittent, so erron- 
eous counts only occur occasionally and, therefore, only 
occasionally may be recognized. By storing a correct 
count once for a particular point, all subsequent counts 
for that point may be compared electronically. Any 
discrepancy between a new count and the stored count 
will immediately be indicated by a NOT EQUAL 
light on the 165 Mod 7 DA, and the erroneous count 
will be displayed until intentionally replaced. 



Even if you have never used transition counting as a 
troubleshooting technique for digital circuits its sim- 
plicity and speed will be apparent once you understand 
the principle. The main bottleneck most people per- 
ceive is compiling the count data and getting the infor- 
mation included in their service manuals and circuit 
diagrams. Once you try the 465 Mod 719A for acquiring 
that data you can see how much more time and money 
will be saved servicing the equipment, compared to the 
investment in acquiring the data. 

Complex digital equipment deserves special atten- 
tion in the design and early production stages to profit 
most from transition counting principles. Here are the 
things to consider doing: 

1. Add sockets, connectors, or special circuits to ac- 
commodate jumper cables, resistors, ROM’s, etc., that 
are to be part of the diagnostic plan. 

2. Characterize the product’s performance early in 
the first production stages, with transition signatures 
recorded while the product is exercised according to 
the diagnostic routine. 

;5. Document the signatures on the circuit diagrams 
and in troubleshooting procedures. 

T Start a fault-and-repair reporting system. 

5. Build a library of erroneous counts and associated 
faults. 

6. Document any new signature which is caused by a 
c; i rcui t m od i £ i ca t i on . 

SPECIFICATIONS 465 MOD 719A 
Display: 4 digits: up to 9999 counts. 

Input signal amplitude, CH 1 or CH 2: 10 mV p-p or greater 
when displayed over 2 divisions or more. 

Input signal frequency: 10 MHz or less. 

Time between transitions: At least 50 ns or 100 ns depend- 
ing on WIDTH DISCRIMINATOR selected. 

Gating signal: Channel 2 signal period or pulse width: A 
SWP GATE duration; manual RESET (TOTALIZE). 

Count Comparator: Detects intermittent fault by storing 
and indicating any count that is not equal to the pre-loaded 
correct count. 

Triggering Monitor Lights: Indicate when the counter is 
triggered on the CH 2 count-gating signal and triggered on 
CH 1 signal transitions. §§ 
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Storage 
expands your 
oscilloscope 
measurement 
capabilities 



F ast moving events— how do you view them? If the events are electrical 
signals, the best way is to use an oscilloscope. For convenient viewing on 
a conventional oscilloscope die signal must have a fairly high repetition rate. 
But what if you want to view single events, or slowly changing signals such as 
those created by a difference in temperature? Then the conventional oscil- 
loscope alone isn’t your solution. You could use a camera, or you could take 
advantage of a storage oscilloscope. 

Storage, in an oscilloscope, is the ability to retain the image of an electrical 
event on the cathode ray tube, after that event ceases to exist. Image reten- 
tion may be for only a few seconds, or for weeks, depending on the type of: 
storage. Different applications often require different types of storage. To 
ensure full coverage of your measurement applications Tektronix provides 
three types of storage: 

Bista ble 

Variable Persistence 
Fast Transfer 

Each type has advantages and limitations that make one more suitable 
than the other for a particular application. A look at the different storage 
types applied to typical applications may help you select the one best suited 
to your needs. 

Bistable storage 

The most important characteristic of Bistable storage is long retention or 
view time. View times range from one hour to weeks, depending on the tech- 
nique used to achieve Bistable storage. Long view times allow extended sig- 
nal analysis without fear of losing the display. They also extend your ability 
to compare signals. Two or more repetitive signals occurring at essentially 
the same time can be easily compared, but when there is a considerable time 
lag between the two signals, one must be stored until the other occurs. A 
typical application is the need to compare signals before and after making 
circuit design changes or adjustments. In such cases, we need to keep the ref- 
erence signal stored, while repeatedly storing and erasing the signal we’re 
adjusting. For these applications Bistable Split-Screen storage is available. In 
this type, the phosphor storage screen is divided into two independent sections, 
upper and lower, with independent storage controls allowing you to erase 
either half of the screen without affecting the other half. This split-screen 
capability is unique to Bistable storage where the phosphor is the storage 
medium, it is not available in the Bistable storage discussed later, where the 
storage medium is a mesh. 

If you need to display waveforms of slow, repetitive signals with fast rise- 
times, that appear as a slow-moving spot traveling across the crt, you should 
choose Bistable storage. Such a signal is displayed in Figures 4 and 5 using 
two different types of storage. When the spot velocity of the risetinie portion 
of this type of signal is approximately twenty times the horizontal spot vel- 
ocity, you will find it difficult to get a satisfactory display using Variable Per- 
sistence storage (see Fig. 4) . Adjusting die Variable Persistence storage con- 
trols will only cause the horizontal line to bloom more (at one extreme) or 
cause the rise time to disappear or fade quickly (at the other extreme) . 
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If your application fits into one of the following 
categories and you want storage that is the lowest cost, 
most rugged and easiest to operate, your choice is Bi- 
stable storage: 

• Comparing signals that occur at greatly 
differing times 

• Viewing non- repetitive events 

• Displaying slow moving waveforms, or 

• Requires the split-screen versatility. 

Now let’s consider another type of storage. 

Variable Persistence storage 

Producing high contrast displays is the most outstand- 
ing capability of Variable Persistence storage. This 
allows you to view signals that are beyond the display 
capabilities of conventional (non-storage) or Bistable 
storage instruments. The dim conventional oscillo- 
scope displays produced by fast, low rep rate signals 
(see Fig. 6) can be converted to bright, easy to view dis- 
plays with Variable Persistence storage (see Fig. 7) . 

The high contrast ratio (stored image to background 
brightness ratio) of Variable Persistence provides much 
greater contrast than the -1:1 best-case contrast ratio of 
Bistable storage. This high contrast ratio comes at the 
cost of view time. While Bistable storage techniques 
provide up to weeks of view time, Variable Persistence 
is limited to a few minutes. View time available is pro- 
portional to the stored writing speed needed, as illus- 
trated in Figure 2. Also* as shown in Figure 2 you can 
increase view time by using the SAVE mode of opera- 
tion. 

For many applications, limited view Lime offers a 
measurement advantage. With Variable Persistence, 
once a signal is stored it automatically starts to fade 
away. This characteristic automatically erases the dis- 
play. it also illustrates the sequence in which the events 
occurred (Fig. 8). A persistence control allows you to 
choose the rate at which the stored signal fades. The 
controllable range varies from the specified view time 
at maximum writing speed (see Fig. 2) , to almost in- 
stant disappearance. 

Here are some typical applications where the ability 
to control the persistence, or view time, is a valuable 
aid to measurement. 

• Identifying the order in which signals occurred 
(Fig. 8) 

• Observing the change in the signal while making 
calibration adjustments (Fig. 9) 

• Suppressing signal noise 

• Producing bright displays (Fig. 7). 

If one of these categories describes your measurement 
needs* Variable Persistence storage is your best bet. 

Fast storage 

A third type of storage is provided by Tektronix to 
meet your needs for viewing very fast, low repetition 
rate or non-recurring signals. It is called Fast storage. 




Fig. 1. Portion of split-screen Bistable storage oscilloscope front 
panel showing storage controls. 




0.1 1.0 5.0 

STORED WRITING SPEED 



div/^s 



Fig. 2. Graph showing extended view time mailable in SAVE 
mode. The higher the stored writing speed needed, the shorter the 
view time. 



STEP RISETIME 




Fig. 3. Graph showing the stored writing speed needed to display 
a given sinewave or step rise time at a given amplitude. 
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Fig. 5. The same waveform as in Fig. 4 displayed using Bistable 
storage; 



Fig. 6. Fast, low rep rate signals are difficult to view with a conven- 
tional (non -store) oscilloscope. 



Fig. 7. The same signal as in Fig. 6 displayed using Variable Persis- 
tence storage. 



Fig. 9, Changes in the waveform as calibration adjustments are 
made are readily discernible in this Variable Persistence display. 



Fig. 10. The outstanding stored- writing capability of Fast Variable f 
Persistence is dramatically illustrated in this photo of a single V 
event having a risetime of 3.5 ns. 




Fig. 11. A single burst of 100 Mlb noi.se is caputred by Fast Vari- 
able Persistence storage. 
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Tig. 12. Signal displayed using Variable Persistence storage. Note 
rising and falling portions are not visible. 




Fig, 13. Same signal as in Fig. 12 displayed using Fast Variable 
Persistence. Rise and fall times are clearly visible. 



Fig, 14. Two fast signals occurring one minute apart are easily 
displayed using Fast Bistable storage. 

In this type of storage the signal is first stored on a 
mesh in the ert, that is optimized to achieve maximum 
writing speed. The signal on this mesh is then trans- 
ferred to a second mesh which can be operated in either 
a Bistable or Variable Persistence mode. These two 
modes are called Fast Bistable and Fast Variable Per- 
sistence, 

Writing speed is the most important consideration 
for choosing Fast storage, and stored writing speed is 
increased up to 1350 cm/^s using Fast Variable Per- 
sistence. The Tektronix Bistable and Variable Persist- 
ence storage types discussed earlier have approximately 
the same writing speed (5 cm/^s) , so writing speed was 



not a consideration for selecting one type over the 
other. However, in Fast Bistable and Fast Variable 
Persistence, that writing speed relationship is no longer 
true. Fast Variable Persistence can exceed Fast Bistable 
capabilities by more than seven times. The same basic 
trade offs, long view time in Bistable and high contrast 
displays in Variable Persistence, are still true for the 
Fast Bistable and Fast Variable Persistence modes. 

The nomograph in Figure 9 is useful for selecting the 
writing speed needed to display a given sine wave or 
step risetime (t r ) at a certain amplitude. For example, 
to display a 16 ns risetime signal three centimeters in 
amplitude requires a writing speed of 180 cm/^s. v : 

Figures 10 and 11 show the ability of Fast Variable 
Persistence to store a single event having a rise time of 
3.5 ns, or a single burst of 100 MHz noise. A comparison 
of the ability of Variable Persistence and Fast Variable 
Persistence to display the same waveform is shown by 
Figures 12 and 13. Two fast signals occurring one min- 
ute apart are displayed in Figure 14 using Fast Bistable 
storage. 

If these are typical of your measurement needs, your 
choice should be fast storage. 

Summary 

Each type of storage has advantages and limitations 
that make one more suitable than the others for a par- 
ticular measurement application. Bistable storage offers 
long view times, a low cost, and rugged, split-screen 
operation. Variable Persistence provides high contrast 
and the ability to display different stored intensities, ■■ 
Fast storage offers increased Bistable and Variable Per- 
sistence writing speeds. Only at Tektronix will you find 
all three types of storage, and they're available in the 
plug-in oscilloscope or portable oscilloscope that’s right 
for you. If you can't choose, we have multi-mode oscil- 
loscopes that include the best of all three types. ^8 
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Fig. 1. Components within dashed lines replace R121I fin original 
diagram. 



THREE EASY MODIFICATIONS TO MAKE YOUR 465 
OSCILLOSCOPE DO SOME JOBS BETTER 

When the 465 was designed, some special performance 
features were omitted because they would be of little 
or no value to most customers. But for those who need 
the features and are able to make the mods themselves 
we can offer parts and instructions. Mod descriptions 
follow: 

Equalize X-Y Phase to 2 MHz 

By adding two resistors, two capacitors, and a small 
variable inductor you can modify the horizontal deflec- 
tion circuits so the phase difference between the hori- 
zontal and vertical deflection circuits may be adjusted 
to be less than 3 degrees to 2 MHz. The circuit card 
where the parts are installed conies with holes to make 
it easy to install the additional components. The com- 
ponents are located next to the X Gain adjustment pot, 
R1215. Resistor R121I, in the original circuit, is re- 
moved and discarded. The changed section of the cir- 
cuit diagram is shown in Fig. 1. Following is the list of 
required parts: 

1-321-0077-00, Resistor, 62 a 1%. Vs watt 
1-283-0594-00, Capacitor, 1000 pF, 1%, 100V, mica 
1 — 114-0278-00, Inductor, 4.5 to 12^, variable 
1—283-0672-00, Capacitor, 200 pF, 1%, mica 
3-317-0151*00, Resistor, 150 0, 5%\ Y% watt 

1 kHz Calibrator Frequency Made Accurate to ±1% 

This mod requires adding a small potentiometer and 
changing five resistors and one capacitor to have a dif- 
ferent value, tolerance, or temperature stability. The 
amplitude calibrator signal may then be set to precisely 
1 kHz and used as a timing reference for sweep calibra- 



tion checks as well as a voltage reference for vertical 
deflection checks. The following capacitors and resist- 
ors are needed and used to replace those used in the 
original circuits: 

1-285-0758-00, Capacitor Cl 592, .05 ^F, 2%, 

400 V Poly car b 

1 — 321 *0365-09, Resistor R1 591, 61. 9 kn, 1%, \/ s watt 
1-321-0381-00, Resistor R1592, 90.9 kn, 1%, y s watt 
1-321-0268-09, Resistor R1593, 6.04 kn, 1%, 14 watt 
1-321-0385-00, Resistor R1594, 100 kn, 1%, % watt 
1-317-0622-00, Resistor R1596, 6.2 kn, 5%, 14 watt 

One component, a small potentiometer, must be added: 
1—31 1-1224-00, 500 n Variable resistor, 0.5 watt 

When R1593 is soldered into place the bottom end 
should not be connected to ground as shown in the 
original circuit diagram but wired in series with the 
500 n variable resistor. The bottom end of the variable 
resistor is connected to the +5 volt supply instead of 
ground. Varying the resistor sets the calibrator signal 
frequency. l v 

Dual Trace Chopping Rate Increased to 1 MHz 

This mod requires eight parts, three of which replace 
original components. It reduces trace brightness some- 
what in the chopped mode. 

Capacitors C356 and C368, and resistor R356, should 
be replaced with ones shown in the parts list below. 
These parts are shown on the Vertical Switching dia- 
gram in the service manual (070-1861-00) . R370 should 
be removed and not replaced. 

Now modify the CRT Circuit diagram in your serv- 
ice manual according to the partial diagram in Fig. 2. 

The remaining five parts should be soldered into the j 
circuit according to the diagram. 



16 





Fig* 2- Circuit changes to increase chopping rate to 1 MHz. 

Here are the parts you will need: 

1-281-0629-00, Capacitor, C356, 33 pF, 5%, 600 V 
1-283-0100-01, Capacitor, C368, 0*0047 juF, 10%, 200 V 
1-315-0303-00, Resistor, R356, 30 kn, 5%, 0.25 watt 
1—281-0557-00, Capacitor, Cl 478, 1.8 pF, 500 V, NPO 
1—283-0057-00. Capacitor, C1479, 0.1 M F, +80% -20% 

I “3 15-0470-00, Resistor, R1479, 47 Q, 5%, 0.25 watt 
1-152-0141-02, Diode, CRI479, IN4152 
1-151-0301-00, Transistor, Q1479, 2N2907 

CHANGE YOUR 5L4N TO HAVE A 20 Hz TO 20 kHz 
LOG SPAN 

The log- span is normally 100 Hz to 100 kHz tor the 
5L4N Spectra in Analyzer. But it is easy to change the 
span to cover 20 Hz to 20 kHz to fit the audio frequency 
spectrum. Here is what to do if your 5L4N has a Serial 
Number below B030313: 

1. Change RI204 to 1.01 kn, % w, metal film 
(321-0222-00) 

2. Change RI202 to 3 1 kn, \/% w, metal film 
(321-0293-00) 

3. Change R1200 to a 2 kn, 0.5 w, 10%, trimmer, 
(311-1 265-00) 

4. Adjust R1200 for the proper span at 20 Hz. 

You can change the span by adding or removing a 
jumper wire if your 5L4N has a serial number higher 
than B030312. 

PLUG-IN EXTENDER CABLE PRECAUTION 

You can save hours of repair time by observing two 
simple precautions when using plug-in extender cables. 

1, Be sure power is turned off when connecting either 
end of the extender. 

2. Be sure both ends of the extender are connected 
properly. 



7300, 7400, 7600 SERIES -50 V SUPPLY FAILURES 

There has been a higher than normal number of fail- 
ures of transistor Q896 in the power supply of scopes in 
the above series. By adding a diode between the base of 
Q896 and ground it will be protected. A silicon diode 
is installed in parallel with diode CR894 with its anode 
grounded. We use a diode having the characteristics of 
a 1N4I52, part number 152-0141-02. 

464, 465, AND 466 ERRATIC TRIGGERING 

When a display is sometimes erratic when triggering on 
low amplitude signals it may be caused by part of the 
sweeps being triggered from the opposite slope than the 
one selected. The condition can be corrected by chang- 
ing four tunnel diodes from one type to another. Diodes 
CR550, CR552, CR650, and CR652 should be changed 
from a type having part number 152-0125-00 to a type 
having the part number 152-0125-01. A good way to 
recognize diodes having the right part number is that 
the letters GE appear on them. 

575, 576, 577 CURVE TRACERS 

When the brushes on the variable transformer (used to 
control the peak collector voltage) wear out they may 
be replaced with new brushes for about 1/10 th the cost 
of a new transformer. For the 575 or 576 use a brush 
with part number 118-0032-00. For the 577 use part 
number 118-0033-00. 

TM 504 GROUND LOOP 

When TM 504 mainframes with serial numbers below 
B0 11370 are used to power an SG 502 signal generator 
the signal distortion may exceed normal limits. The 
problem appears on the SG 502 only when the signal 
frequency is an even multiple of the line voltage fre- 
quency but may appear on other plug-ins as very low 
level hum. To prevent the condition remove the top 
and bottom cover of the TM 504. Locate the section of 
the circuit card shown below and cut through two cir- 
cuit board conductors as shown. Remove the connec- 
tion between the ±:33 V COMMON and chassis ground 
(at the junction of C-20 and C-22 via a solder lug) . 
Connect the junction of C-20 and C-22 of the circuit 
board at the point between J 1 0 and J20 marked COM. 



Cut run 




Cut run 



Fig. 3. TM 504 circuit board changes to remove ground loops. 
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New products 
New products 
New products 




5444 Dual-Beam Oscilloscope 

The 5444 Dual-Beam Oscilloscope is a new member of 
the 5000 Series. Used with the 5B44 Dual Time Base 
plug-in and two plug-in vertical amplifiers, it is virtu- 
ally two oscilloscopes in one. Both beams can write any- 
where on the 8 by 1 0-division screen. 

The 5444 will display a one-shot signal at two sweep 
speeds or two one-shot signals at any sweep speed. Only 
a dual-beam scope with two sets oi horizontal deflection 
plates can do this. 

If you need to compare more than two signals, the 
5444 can display up to four repetitive waveforms in the 
alternate or chopped mode, or up to 8 at reduced band- 
width. Four single-shot events may be displayed at 
sweep speeds up to 100 ^s/div in the chopped mode. 

The crt provides a bright display, has an illuminated 
parallax-free internal graticule, and provides readout 
that automatically documents the sweep speed and ver- 
tical deflection factor for each beam. A user-addressable 
readout option allows you to write up to two 1 0-char- 
acter words of your choice to identify the photograph, 
the device under test, etc. The TEKTRONIX C-27 
Option 1 Camera with 10,000 speed film and the Writ- 
ing Speed Enhancer (or P-l 1 phosphor option) make it 
possible to photograph a one-shot display to the full 60 
MHz bandwidth of die svstem. 




1502 and 1503 TDR Cable Testers 

The 1500 Series meets the most stringent environmental 
specifications for flight-line rated test equipment. These ( 
portable TDR Cable Testers are at home operating in a 
deluge or a sand storm. January in Alaska or August in 
Texas doesn't bother them. Bouncing around in an off- 
the-road repair vehicle or being doused with salt spray 
on board ship doesn’t stop them either, They’re small, 
self-contained, rugged, and battery operated. 

The two Cable 1 esters use TDR, a proven technique, 
to pinpoint faults to a fraction of an inch in short lines. 

In longer lines they resolve faults to within a yard as far 
away as 50,000 leet, depending on the cable character- 
istics. What can you test with this series? Just abouL any 
cable assembly from lamp cord to coax, plus a variety of 
broadband components (antennas, connectors, equal- 
izers, sensors, etc.) \ 

The 1502, for lines up to 2000 feet, provides frac- 
tional inch resolution, ft uses a 110 ps step test signal 
into 50 ohms. The 1503 works out to 50,000 feet. Tt uses 
an impulse test signal into 50, 75, 93, or 125 ohms. Both 
versions are equipped for recording a “signature” of 
line characteristics using most any external X-Y Re- 
corder. Signatures can be checked on a routine basis 
allowing problems to be identified and corrected before 
catastrophic failures can occur. An optional plug-in 
strip chart recorder is available (option 4). 
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455 Portable 50*MHz Oscilloscope 

The 455 combines 50-MHz bandwidth, dual traces, and 
delayed sweep in a rugged, value-leading portable oscil- 
loscope. This instrument provides a cost-effective means 
of bringing needed performance features and accuracy 
to field service applications and to many production 
applications as well. 

Accuracy and measurement range of the -1 55 are suit- 
able for virtually all servicing of digital and analog 
equipment. Vertical sensitivity ranges to 5 mV/di v with 
±3% accuracy (1 mV/div with channels cascaded). 
Sweep rates extend to 5 n.s/div (2% accuracy for 50 
ns/di v and slower, 3% for 5 n.s/div, 10 m/di v, and 20 
ns/di v) . Differential time measurement accuracy is 

± 1 . 5 %. 

In addition, the 155 offers features designed to make 
measurements faster, easier, and more error free. These 
include: lighted deflection factor indicators, trigger 
view, variable trigger hold off, color-coded modular 
probes, modular construction for easy serviceability, 
and an easily understood col or- coded control panel. To 
further enhance its use in service and industrial en- 
vironments, the -155 is housed in a rugged, shock resist- 
ant plastic case. Optional battery operation frees the 
155 from dependence on ac lines. 

The 155 is an ideal choice for servicing small to 
medium scale computers, computer peripherals, indus- 
trial control equipment, military or commercial com- 
munications gear, office machines, and point-of-sale 
terminals. 




E4010 and E4G10-1 Graphic Display Terminals 

These two terminals are economy models of the popular 
TEKTRONIX 4010 computer graphics terminal and 
have all the 4010's features except for the traditional 
thumbwheels to control the cross-hair cursor. Graphic 
input is through the keyboard. The E10I0, and its hard- 
copy compatible version, the E4010-1, have 1 1 inch 
dicker-free storage tubes, 03-character ASCII set (upper 
case), and 102-1- x 1024 addressable points. All TEK- 
TRONIX interfaces, options and peripherals are com- 
patible with the terminals, including the graphics 
tablets and disc memory units. 




The 4923 Digital Cartridge Tape Reader 

The -1923 Digital Tape Reader is the perfect storage de- 
vice to team up with the TEKTRONIX 4010 family of 
Computer Display Terminals or the 4023 Terminal. In 
fact, any product using RS-232-C data communications 
lines can be used with the 4923 Option 1. 

Information is stored on a DC 300 A 3M Data Cart- 
ridge with a data capacity of 200,000 8- bit bytes. Data 
format is 128 8-bit byte records with variable length 
files. The standard model operates up to 10K baud, de- 
pending on the terminal environment. Option 1 lets 
you select a baud rate from 110 to 9600. 

Operating the 4923 is as simple as one, two, three. 
You have front panel controls for Reverse, Write, Stop, 
Run and Forward. 

The computer can access START READ (DC1) and 
STOP READ (DCS)* During a READ operation the 
1923 provides a line-turn-around character if a DC3 is 
encountered in the data. Once a DCS is read, the follow- 
ing stored character is read and sent, and the unit stops. 



2701 and 2703 Step Attenuators 

The 270! and 2703 Step Attenuators are small, labo- 
ratory- quality, wideband bench -top instruments for 
attenuating large value radio- and video-frequency sig- 
nals. The 2701 is a 50 ohm attenuator particularly 
useful in making receiver sensitivity and distortion mea- 
surements. Its range of attenuation is 0 to 79 dB, in 1 dR 
steps. A front-panel slide switch selects dc (direct cou- 
pling) , ac (protects against dc olfsets) , or dc TERM (a 
50 ohm precision termination). 
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The 2703 is a 75 ohm attenuator for television, 
CATV, telephone, and radio applications. A front- 
panel switch extends the range from 79 dB to 109 dB, 
making an ideal accessory for wide-range measurements 
of cross modulation, signal-to-noise ratio, receiver sensi- 
tivity, etc. Attenuation can be selected in 1 dB steps 
with tens and units cam switches. The value selected is 
shown in the display window. A block has been in- 
corporated on both rear panel ports to protect against 
accidental burnout from high dc offsets or ac power on 
ten te r con d u c tors . 




1° Luminance Probe 

The J6523 1° Luminance Probe is the newest probe for 
the Jl(> Photometer/Radiometer. The J6523 is especi- 
ally useful for measuring a very small spot or a small, 
distant area of light. 

Now you can take a precision light-measurement tool 
into the field and make measurements in difficult situa- 
tions. Hie J lb/ f 6523 is tough, compact, light (about 5.5 
pounds), battery operated, and stabilized for reliable 
indoor or outdoor use. 

The J6523 has a measurement range of 0.1 to 19,900 
foot-1 am her ts (l to 199,900 nits for the metric version), 
will measure a spot as small as 0.23 inch (smaller with 
commercially available close-up lenses), and has an 
optical sighting system with a 9-degree field of view. Its 



rugged, stable silicon photodetector incorporates accu- 
rate photopie spectral correction. 




WP 1205 Digital Processing Oscilloscope (DPO) 

The WP 1205 DPO is a low-priced starting package for 
customers with a restricted budget. The package in- 
cludes one 7A16 vertical plug-in, one 7B70 time base 
plug-in, a CPI 151 controller with a 16k memory, a 
modified ASR-33 teletype, and paper tape DPO TEK 
BASIC software. 

The WP1205 has an internal Ik semiconductor mem- 
ory, adequate to acquire and display one waveform with 
scale factors. But a standard option is available pro- 
viding a 4k memory. The CP 1151 controller with 16k 
memory provides adequate program space for most 
user applications since specific software routines may 
be selected when initially loading DPO TEK BASIC 
software. 

Option 02 deletes plug-ins, option OS substitutes a 
4k processor memory for the Ik memory, and option 
09 changes ihe line voltage connections for 230- V 
operation. 



Most of the products pictured here are making their 
initial appearance in Tekscope. Others have been 
announced by Tektronix in the last few months and 
are included here because of their wide range of 



application. We invite you to use the inquiry card 
accompanying Tekscope if you would like more 
complete information on any of these products. 
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2 A desktop graphic computing 
system 

The TEKTRONIX BASIC Graphic Com- 
puting System combines high -level BASIC- 
language interaction, built-in computing* 
and local tape memory— pins the unique 
graphing capabilities of the Tektronix 
tiispla y. 

8 Graphing with the 4051 Graphic 
Computing System 

Graphing with the -I I ):% 1 makes sense. You 
graph using your own data units, wilii the 
Interpreter converting your data units to 
Graphic: Display Units for plotting on the 
-1051 cri or a peripheral device. 



1 i A high-stability 100 kHz to 1.8 GHz 
tracking generator 

A companion to the 71,13 Spectrum An 
aJyzcr, the TR 302 Tracking Generator 
provides a highly-table* leveled signal for 
characterizing devices and systems up to 
the {’nil I .H GHz bandwidth of the 71.13, 

15 Delayed gate aids oscilloscope 
digital measurement 

Using 1 1 to delayed gate to control digital 
plug-ins in a 7000 Series Oscilloscope, opens 
the door to some unique measurement 
capability. 



17 Repairing probe tips, bodies, 
and boots 

Some hints for keeping your probes in 
good operating condition at minimal cost. 



19 Mew products 

A brief summary of what's new front 
Tektronix. 



W ith the cost of memories and processors on the de- 
cline, the economics of .scale of big computers are 
slowly diminishing. Communications costs are high. There 
are often long waits for’ results, and the system can take as 
much as 40% of its time trying to figure out what: to do 
next. Like big cities, big computers are fraught with prob- 
lems. in the future, more and more computing will be done 
locally at the desk of engineers, business analysts, scientists, 
etc. 

As society progresses technologically the problems faced in 
all fields increase in complexity. People need to devote all 
their energy to whatever is lacing them. Having to under- 
stand the problems of putting together a computer system 
should not be one of their tasks. So the 4051 is not a collec- 
tion of hardware and paper tape for a user to get along with 
somehow, instead, it is designed so all of its facilities are 
easy u> use. It avoids user perceived complexity. A desktop 
system should be an extension of a user’s mind. The 405 j 
does this in four ways: 

1. It is a machine using a people-oriented higher-level 
language . . . extended BASIC. 

2. It uses graphics to help a user perceive a problem more 
naturally, see a solution in perspective. 

3. The acquisition of data by and from instrumentation 
can be handled using the same language . . . extended 
BASIC. 

4. The 4051 can efficiently access host computer files. 

The language 

For those who already know BASIC as a programming 
language little needs to be said about its simplicity and con- 
versational character. A lot of very careful, capable thinking 
went into the development of the language to make it simple 
to learn as well as suitable for a wide range of disciplines. 
Today it is widely used. Only a few hours with a self-study 
book gives you a feel for the language. A few days of study 
will make you an apprentice programmer. 

The main thing experienced programmers question is 
whether BASIC is adequate to solve their toughest programs. 
When you already know a more complicated language and 
have access to machines that use it, there may be little oppor- 
tunity or reason to learn about the limits of BASIC. That 




factor will probably retard wide-spread understanding- of its 
great power. However, comuerba lancing that factor will be ^ 
people who recognize the comparatively small investment 
necessary to develop the expertise with BASIC to know, in- 
stead of guess at. its limitations. For people who already 
know a language like FORTRAN, learning BASIC is a snap. 
1'here is even a tutorial tape cartridge for the 4051 that is 
like a programmed instruction course. It is good for begin- 
ners as well as experienced programmers. 

There probably is no "pure” form of BASIC in practical 
use. Most equipment uses extended forms that differ some- 
what from one manufacturer to the next, and even from one 
kind of equipment to the next from the same manufacturer. 
But these differences typically don't cause big problems. 
Many programs already written in BASIC ran be used with 
little or no alteration in the 4051. And alterations are simple 
to make right from the keyboard, using the edii facilities. 

Language extensions for graphics 

The ability of the 4051 to depict information in graphic 
form, as distinguished from simply displaying alphanumeric 
characters and a few straight lines, may be its mosi valuable 
feature. But many who need computer data in graphic 
form may not even know it. You need to think about it a 
little to know. And if you have always expected computer 
output in the form of letters and numbers, because that is 
all you have seen you haven't seen enough. When it comes 
t o y o u r pa y ch eck , for ex a mplc\ characters v o u call take-home 
pay may be dear enough, But how does your take-home pay 
over the past 120 months compare to the cost of living? You 
might be shocked but if this were a scientific business statis- 
tic, it would be far better to know than to guess. Would you 
like that information in a column of 120 figures, or would 
you prefer a graph? 

The need to compare data is just as real as the need to 
have data. A computing system that doesn't help you with 
the comparisons you need to make may 1)0 doing only half 
its job. And graphs provide a versatile means of comparing 
data in an easy to understand form. 

Only eleven keywords are added to BASIC to handle 
graphics. Here are a few key concepts represented by key- 
words: 



VIEWPORT: Controls how much of the output surface is y 
used for a graph and where the boundaries f 
will be. 

WINDOW: Controls what portion of the available X-Y 

coordinate data will be placed in the view- 
port. 

SCALE; Divides the X-Y coordinates of the viewport 

into segments corresponding to the proper 
numeric values for the graph. 

POINTER: Causes the machine to display an arrow posi- 

tion able with the optional Joystick. 

DRAW: Draws a straight line between the present 

position of the cursor and a specified point 
in the WINDOW. 

RDRAW: (Relative draw) Draws a straight line be- 

tween the present position of the cursor and 
a point in the WINDOW specified relative 
to the position of the cursor. 

MOVE: Like DRAW except no line is produced. 

RMOVE: Relative move. Like RDRAW except no line 

is produced. 

AXIS: X and Y axis lines are drawn and scale tic 

marks located, 

GIN: Graphic Input, Records the location of the 

graphic point; either the point of the arrow 
or the lower left corner of the normal 5x8 
dot matrix rectangular cursor, 

ROTATE: Causes relative draw or relative move to fol- 

low a path that departs from the normal by 
a specified number of radians or degrees. 







Listener, talker, controller 

The 4051 is designed to control the operation of instru- 
ments in the same sort of way as larger computer-based 
systems. Whether you want to simply monitor and analyze 
processes, or control processes, the capability is built in. 
Perhaps top on the list of the advantages the 4051 offers 
over former test and process controllers is that it has a new 
standardized, general-purpose, interfacing system (GPIB) . 
This system, now standard in the U.S., is close to being an 
international standard. Peripheral instruments under con- 
trol of the 4051 may be classified as Talkers, Listeners, or 
both. The 4051 may talk, listen, or control, according to its 
program and signals on the GPIB. The way in which it goes 
about this is what has been standardized. Commercially 
available Talkers or Listeners are already compatible. Fu- 
ture designs will be. The 4051 is at the forefront of a new 
era of instrument test, measurement, and process control. 
The U.S. Standard is called IEEE Std 488-1975. It was 
adopted this year. This standard was sponsored by the IEEE 
Instrumentation and Measurement Group and is based on 
work initiated by Working Group 3 of Technical Committee 
(56 of the International Electrotechnical Commission (I EC) . 
The full title is IEEE Standard Digital Interface for Pro- 
grammable Instrumentation. 



The importance of the standard to many customers is hard 
to overestimate. It means that equipment built to comply 
with the standard should work together as a system regard- 
less of who made it. It doesn’t mean that any combination 
of compatible pieces constitutes a worthwhile entity, but it 
does eliminate the costly, confusing need to do custom inter- 
face design work to make some pieces of equipment work 
together that were not originally intended to. 

IEEE Std 488-1975 is for digital data interchange between 
as many as fifteen pieces of equipment that are separated by 
no more than a total of 20 meters of interconnecting cables. 
Data is exchanged with the 4051 at any rate up to 7000 bytes 
per second and is transmitted in 8- bit bytes over the 8- line 
Data Bus. Each data byte transfer is controlled by a hand- 
si take routine over a 3-wire bus. Five other signal lines are 
devoted to interface management. Figure 1 shows the bus 
structure that is shared between different devices that can 
be connected together in a system. Although any of the de- 
vices may talk or listen, only one may control the others and 
itself. The 4051 has that capability. It constitutes an ex- 
ceptionally universal tool for controlling sophisticated pro- 
cesses by continually acquiring and analyzing data before 
issuing new program instructions to its listeners. A copy of 
the Standard may be purchased from: Standard Sales, IEEE, 
345 East 47th Street, New York, NY 10017. 

Data communications 

The 4051 rear panel has connectors that provide standard- 
ized data transfer paths with peripheral equipment in the 
outside world in (too standard way's. One is' via IEEE Std 







Functional description 

Microprocessing unit (MPU): Directs systems operations. So- 
licits one instruction at a time from the ROM by placing a 16- 
bit address on the ADDRESS BUS. Decodes and executes the 
instruction received on the DATA BUS, then fetches the next 
instruction. 

Read only memory (ROM): A semiconductor memory with 
36 K 8-bit byte capacity containing full permanent set of 
BASIC instructions for the microprocessing unit. 

Random access memory (RAM): A semiconductor memory for 
temporary storage of intermediate results of arithmetic oper- 
ations and BASIC instructions for the microprocessing unit 
Contains 8K, 16K, 24 K, or 32K 8 byte storage capacity. 

Display: Rectangular, flat-faced, 11-inch diagonal, direct-view 
storage crt Serves as the primary output device for alphanu- 
meric characters, graphs, and line drawings. 

Keyboard: Primary user input. Statements in BASIC are typed 
here and each alphanumeric character appears on the crt as 
it is typed. Appropriate calculations and other responses to 
each completed statement immediately follow the last key- 
stroke in each statement. Editing keys allow programs to be 
altered and typing errors to be corrected. User-definable keys 
make it simple and fast to execute any one of up to 20 pre- 
programmed sub-routines by pushing the right key. 

Plug-in magnetic tape unit: A 3M- Data Cartridge with capacity 
of 300 K 8-bit bytes. It allows the operator to make a permanent 
record of whatever may be stored in the RAM and allows data 
and programs to be placed in the RAM from the tape. 



General purpose interface: Provides asynchronous communi- 
cations with and control of instruments and other peripheral 
devices designed to be compatible with the IEEE Std 488-1975. 

Data communication interface: Provides communications with 
data terminal equipment or data communication equipment de- 
signed to be compatible with EIA Standards RS-232-A, B, or 
C. A second RS232 output-only interface is available for con- 
trol of printers. Both are optional. 

Optional firmware: Another part of the Data Communications 
Interface. Contains receptacles for one or two specialty plug-in 
ROM’s that may be bank-switched under program control to 
substitute for the internal ROM. 

Peripheral interface adapters (PIA): IC’s that are part of a 
family of components that includes the MPU, ROM, and RAM. 
Integral sections of the 4051, such as the Keyboard, Magnetic 
Tape Unit, GPIB Interface, and Display Unit, are connected to 
the DATA, ADDRESS, and CONTROL buses through these 
adapters. Although such sections are integral parts of the 
4051 they are considered peripheral with respect to the MPU. 
Each adapter has unique 16-bit addresses that it responds to 
when the MPU wants to communicate with the peripheral at 
those addresses. 

Joystick: A single handle control for arbitrarily positioning the 
axis of a graph to a particular point on the crt screen. 

Hard copy unit: A unit for copying all the data displayed on the 
crt screen at any particular time. 








488-1975, just discussed. The other is optional and is part of 
what is called a Data Communications Interface. It works 
with equipment that complies to E1A Standards RS-232 A, 
B, or C, transmitting data serially one binary bit at a time 
to such peripherals as line-printers, keyboard terminals, and 
to host computers. 

A Data Communication Interface is made optional to 
avoid having to charge all customers for both kinds of inter- 
face circuits. It is for two-way communications, full duplex, 
or half duplex, odd, even, or no parity. The baud rate can be 
either 110, 150, 300, 600, 1200, or 2400 selectable by the user 
under program control. 

Intelligent graphic terminal 

It is easy to see die value of the 4051 as an intelligent term- 
inal. 'The lion’s share of the charges for time-shared com- 
puters usually falls into three categories: the number of 
seconds the computer is working for you, the number of 
minutes you are connected to the computer, and the number 
of minutes you are using the phone lines. In most cases the 
connect charges are the most expensive part of the bill. You 
can reduce these charges by taking programs off the host or 
by using the plug-in. 4051 tape to transfer data to the host. 
That saves accessing it through the keyboard at the slow 
typing speed of the operator. Reductions in connect charges 
alone will typically pay for a 4051 in less than a year. 

When your desk- top machine has access to the vast amount 
of data that you may store in a large computer, it is a great 
convenience. That way the data doesn’t have to be dupli- 
cated in other storage devices and may be updated as fre- 
quently as necessary. When you can conveniently give your 
computer only those problems too big for your desk-top 
machine you also save money. That becomes an inviting 
practical possibility if your local terminal has enough intel- 
ligence to communicate directly with a host computer. It 
lets an operator interact only when he needs to, instead of 
acting as interpreter between his local desk-top machine and 
a remote wall-to-wall computer. 

The new technology 

Several recent technological advancements have made it 
possible to reduce the si/e, cost, and complexity of the 4051. 
The 3M B Dam Cartridge is a small, fast, inexpensive mag- 
netic tape cartridge that plugs into the front, containing 300 
feet of tape able to store up to BOOK 8-bit bytes of data or 
program instructions. This tape reads from, or writes into, 
an integrated circuit random access memory that is part of a 
family of IC’s that make up a commercially available micro- 
computer family. The microprocessing unit that is the head 
of the family, is also the workhorse of the 4051. The archi- 
tecture of the whole system is based on it. A wired-in 36 K 
byte read-only memory contains a full, permanent set of 
instructions that are responsive to BASIC language state- 
ments made from the keyboard or the program in progress. 
Part of that memory is reserved for bank-switching to one or 
more plug-in ROM’s to expand on the primary set of instruc- 
tions if needed. This feature makes it possible to add special- 
purpose functions to the machine in response to a particular 
a p pi i ca tion p ro blems. = V- 
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Fig. L The 4051 uses the IEEE .Standard Digital Interface for 
Programmable Instrumentation portrayed here. 
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Graphing 
with the 
4051 graphic 
computing 
system 



U ntil a few years ago the equipment necessary to make graphic displays with 
a computer was extremely expensive. Then the invention of the bi-stable 
storage crt at Tektronix led to the development of crt computer terminals and soft- 
ware that gave the world a simple, inexpensive graphic system. Until the 4051 came 
along, however, graphing required the help of a host computer or calculator. The 
4051 has great computational power built-in. It can do computations and display the 
results graphically all on its own. And It can be made compatible with host com- 
puters through an optional RS-232-C standard interface, making it easy to use 
existing programs and the huge data-bases that some people have on tap at a host 
computer. 

Operating the 4051 so it will display data graphically, as well as with alphanu- 
meric characters, is much easier to learn than you would suppose. If you already 
know BASIC as a programming language, the task will be especially easy. There are 
only eleven additional keywords to learn. And once you understand their meaning 
and function, the whole process of plotting graphs will probably be clearer than it 
ever was before. If you have used TEKTRONIX PLOT- 10 software with a Graphic 
Computer Terminal you will already be familiar with most of the words. For the 
4051 they are: 

VIEWPORT DRAW AXIS 

WINDOW RDRAW GIN 




SCALE 



MOVE 



ROTATE 



POINTER RMOVE 



The Cartesian Coordinate system is a way of identifying the location of any 
point on a plane by first drawing and scaling two straight perpendicular lines in 
the plane. The lines are called axes. A unique pair of numbers corresponding to 
the scalar distance between any point and each line, will tell you where that point is. 

After scaling the axes with appropriate numbers, the relationship between two 
variables, X and Y, can be shown graphically by calling one axis X, the other Y. 
(See Fig. 1) 




The viewport 

What things should you decide first when you proceed to make a graph of this kind? 
For one thing you decide what portion of the available graphing area you want to 
use. We call that portion the viewport. How would you describe it? You could 
identify where its four corners are. That would take four pairs of numbers. Or you 
could identify the four lines that are the sides of the rectangle. For example, if the 
available graphing area were a sheet of S|/o by 1 1 inch graph paper consisting of \/ A 
inch squares, it would have 34 parallel lines running the long direction, and 44 
parallel lines running the short direction. Let us say the paper was placed with its 
long edge down, if you wanted the viewport to be a 5 by 6 inch rectangle with its 
long edge down, and its lower left corner 3 indies to the right and 2 inches above 
the lower left corner lines on the paper, you could describe the left, right, bottom, 
and top edges as lines 12, 36, 8, and 28 respectively. 

In the 4051 Graphic Display System we use the Graphic Display Unit concept to 
define the location of the viewport (see Fig. 3.) . A Graphic Display Unit is defined 
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Fig. I. The Cartesian Coordinate System provides a convenient 
way to locate any point on a two-dimensional plane. An example 
is shown below. 
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Fig. 2. The drawing surface of the 4 051 ert display represents 
the f i rs t q ua d ra n t in a Ca r res ian Coo rd i n a t e S v s t cm as i 1 i u s l r a t ed . 
The lower left corner of the display represents the point of 
origin. The X and Y axes are marked off in Graphic Display Units 
to illustrate this concept, 
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Fig. 3. The VIEWPORT statement controls the boundaries of 
the drawing surface. Sometimes it: is necessary to reduce the size 
of the drawing .surface to leave room for printed messages. The 
statement for the above viewport would be VIEWPORT 50, 100, 
50 , 100 



to be 1% of the shortest edge length of a given graphic 
device. It can be thought of as a percentage of a distance 
rather than as a discrete indivisible unit. For example, a 
distance of 23.12 GDU's is different from 23.13 GDU's. 
The use of GDU’s permits using the same program to place 
a graph on the 405 1's display screen, an external X-Y plot- 
ter, or any future display device in the 4050 family. 

It is important to differentiate between Graphic Display 
Units and the user’s data units. The only time you, as a 4051 
user, will work with GDU’s is when you use the VIEW- 
PORT command to locale your graph on ihe display de- 
vice. At all other times you deal with your own data units 
whether they be fortnights, furlongs, or whatever. 

When you use an appropriate set of four numbers with the 
VIEWPORT statement, the 4051 will automatically confine 
its graphing within the boundaries described by the num- 
bers. You may still choose to write outside that area with 
alphanumeric characters, however. 

Resofution 

Hie choices of boundaries for the viewport are limited to 
100 by 130 Graphic Display Units when graphing on the 
4051 crt. But that should not be understood as being the 
resolution limits of the 4051. The resolution limits depend 
primarily on the characteristics of the graphic readout de- 
vice. When the readout device is the 4051 crt, the resolution 
limit is determined by 10-bit digital-to-analog converters in 
the 4051. Tins translates to 1024 increments in the hori- 
zontal direction and 780 increments vertically. When die 
4051 addresses an external graphic readout device, like an 
X-Y digital plotter, resolution will be limited by that device. 

The window and the scale 

The Cartesian Coordinate graphing world of the 4051 ex- 
tends to numbers as high as HP 03 for points in all four 
quadrants. That is an exteremely vast plane compared to 
the portion occupied by any ordinary graph. For most data 
it is much more than adequate. What portion of that vast 
plane die data you want to examine fits into can be re- 
garded as the window you wish to look at. When the 
WINDOW statement in the 4051 is followed by the mini- 
mum and maximum values for the horizontal and vertical 
data that you want to graph, you are prepared to fill the 
viewport with the graphic data you want. It doesn't matter 
what units the data is in, or whether some data entered may 
fall outside the limits. Any graphic data entered that falls 
outside the limits will be automatically ignored, but the 
rest will be displayed. 

An alternate way of fitting the data you want to view, to 
the viewport where it will be displayed, is to use the SCALE 
statement. Then the graphic data is scaled down to the area 
for the graph by specifying how many user units fit into one 
Graphic Display Unit. 



Axis and tic marks 

Once the minimum and maximum values for each axis has 
been identified, the window is defined and the location of 
each axis can be determined. The AXIS command auto- 
mat i called raws horizontal and vertical axes, with tic marks 
if desired. 

If the range of numbers on either axis extends both sides 
of zero, the other axis line will be drawn through the point 
corresponding to zero. Otherwise, when all values are posi- 
tive, the axis intercept point will be at Lite lower left corner 
of the window area. The 40.51 will draw axes in the custom- 
ary way simply by default, once it has the window in form a- 
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Fig. 4. The ease with which graphics can be generated on Lhe 
405] is illustrated by this graph which was drawn using just seven 
program steps. 

tion and receives the AXIS statement. Tic marks on one or 
both axes will be added automatically if the AXIS statement 
is followed by numbers for the desired size of the increment. 
The tic marks are automatically spaced and located on each 
axis to correspond with the user's units for each axis. Num- 
bers can be added adjacent to the tic marks later if desired. 
Logarithmic axes, however, require a different technique. 

Absolute and relative moves and draws 

In one sense you draw a graph with the 4051 very much the 
same way as you would by hand, with a piece of chalk on a 
blackboard. The chalk can be moved from one point to 
another without drawing a line, if you lift it. On the 4051, 
the crt beam is turned off for MOVE statements and turned 
on for DRAW statements, The same is true for relative 
move (RMOVE) and relative draw (RDRAW) statements. 
The difference between absolute and relative moves is that 
absolute moves are stated with respect to the last point the 
beam was moved to. The same is true about the difference 
between absolute and relative draws. 

A line is drawn each time a simple DRAW command is 
executed. From that, it is easy to make the assumption that 
the 4051 takes a lot of time to draw a complex curve. But 
not so. By storing data points in two matrices, even a long 
series of draws is executed very rapidly. The array variables 
representing die two matrices are specified in the DRAW 
statement. 

How really simple it is to draw a complex graph on the 
4051 is best illustrated by considering the graph in Fig. 4. 
It took just seven program steps to construct the graph: 

100 VIEWPORT 10, 120, 10, 90 
110 WINDOW -10, 10, -10, 10 
120 AXIS PI/2,2 
ISO MOVE —10, 10*SIN (10) 

140 FOR I™ 10 to 10 STEP 0.2 
150 DRAW I, PSIN(I) 

160 NEXT I 

The VIEWPORT statement was used to reduce the size of 
the graph on the display. If we had wanted the graph to fill 
the screen, the VIEWPORT statement could have been 



omitted as the viewport parameters are automatically set to 
0, 150, 0, 100 by default on system power up and after the 
execution of an IN1T statement. 

Dot matrix, pointer, gin 

When the 4051 crt is producing an alphanumeric or graphic 
readout, the position of the last character or point is identi- 
fied by a blinking marker. The marker is a small 5 by S dot 
matrix the same size as die outer limits of an alphanumeric 
character. The POINTER command places a small arrow 
on-screen. The position of die arrow can be controlled by 
an optional joystick, or selected by the user definable keys. 
Using the GIN command, the X-Y coordinates of the point 
selected by the arrow are assigned to two variables and can 
be used by a program to keep track of its position. 

About speed 

Everyone wants to know how fast his computer or calculator 
is. It is a natural, important question that is very difficult 
to answer satisfactorily. The same question applies to the 
4051, and is even a little harder to answer. If the 4051 is 
controlling peripheral instruments arid is waiting for data 
from one of them before finishing a computation, it would 
be misleading to talk about how fast or how slow the 4051 
was. On the other hand, if it is merely calculating 50 fac- 
torial, or doing a similar bench mark computation, you 
would like to know how the time it takes to perform this 
function compares with other similar equipment. But what 
are you to conclude when some of the bench marks are met 
better by equipment A than by equipment B, but other 
bench marks are met better by B than by A? You can start 
by being selective about which bench marks are more typi- 
cal of your work. That is not a bad way. It leads you to 
the conclusion that the speed question may be answered sat- 
isfactorily by comparisons on each job. The main thing we 
want to know is whether a machine is fast enough for our 
job. If, on the average, it is slower than what we are used 
to, it follows that it should be more economical to be worthy 
of consideration. If, on the other hand, it does the things 
you want it to do, as fast as you expect, and has the price 
and advantages you can’t equal elsewhere, it is fast enough. 

For most jobs, the 4051 speed is comparable to a mini- 
computer executing a BASIC program. The graphic capa- 
bility, ease of programming, and low cost of the 4051 
Graphic Computing System can be important factors in 
solving your application problems in a more effective and 
productive way. It certainly bears looking into.fjs$ 
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T racking generators, working with spectrum analyzers, offer significant ad- 
vantages over other frequency-response measurement techniques, A contin- 
uous, well -de {lined display, freedom from distortion, wide dynamic range, and oper- 
ating ease are all benefits derived from using a tracking generator/spcctrum an- 
alyzer system. 

These advantages arise from the fact that the tracking generator's output fre- 
quency is synthesized from the spectrum analyzer's local oscillators. The tracking 
generator’s output frequency is always the same as the instantaneous frequency of 
the analyzer, and the frequency stability is essentially equal to that of the analyzer. 

High-resolution, high-stability measurements up to 1 10 MHz have been possible 
for some time using tracking generator /spectrum analyzer systems. Now, two new 
tracking generators, the TR 501 and TR 502, designed to work with the 7L12 or 
7L13 Spectrum Analyzer, extend this measurement capability to 1.8 GHz. The TR 
501 and TR 502 are essentially the same instrument with the exception of the 
output attenuators and logic interface in the TR 502. For purposes of brevity 
we will confine this discussion to the TR. 502. 

Design goals 

The primary design goal for the TR 502 was to build a companion 
tracking generator for the 7L13 Spectrum Analyzer, whose output 
-would faithfully track the 7L1 3, maintaining 10 Hz FM stability and 
display flatness over die entire 100 KHz to 1.8 GHz j 

range. This promised to be no easy task. Another 
goal was to package the unit in a two-wide plug- 
in to be housed in, and powered by, a TM 500 
Mainframe, This would open the door to 
added measurement capability through 
working with other TM 500 plug-ins. For 
example, by plugging a DC 502 Option 7 
Digital Counter into the TM ,500 Main 
frame powering the TR 502 you can 
make selective frequency measure 
ments, with counter accuracy, up 
to 5.50 MHz. Well discuss this 
in greater detail later. Now 
let's look at how the TR 502 
works. 



Theory of operation 

The spectrum analyzer 
(7L12, 7L13) up-con- 

verts its input signal fre- 
quency to a 1st IF of 2.095 
GHz by mixing with the 
1st LX) (local oscillator) . It 
then down-converts the 
2.095 GHz to an IF of 105 
MHz by mixing it with the 
2nd L 6 frequency of 2.2 GHz. 

The TR 502 Tracking Gen- 
erator reverses this sequence. 
Referring to the block dia- 
gram in Figure 2 wf* see that 
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Fig. 1. Block diagram of Ll so TR 502 Tracking Generator. 



the 1st LO and 2nd LO from the spectrum analyzer are fed 
into the TR 502. A voltage controlled oscillator running at 
2.095 GHz is mixed with the 2nd LO input of 2.2 GHz. The 
resultant 105 MHz dill ore nee frequency is used in a phase 
lock loop to keep the 2.095 GHz oscillator in step with the 
2nd LO. 

The 1st LO input signal ranges from 2.1 to 3.9 GHz and 
may be either a constant or swept frequency depending on 
the operating mode of the spectrum analyzer. The 1st LO 
signal is mixed with the 2.095 GHz signal, with the resultant 
lower difference: frequency becoming die output signal fre- 
quency of the tracking generator. The output signal is filt- 
ered, amplified, automatically leveled* and applied through 
a step attenuator to the output connector of the tracking 
generator. Now let’s look at the block diagram in greater 
detail. 

The 1st LO signal 

The input signal from the spectrum analyzer 1st LO is am- 
plified to a level of about 6 mW by the 2.1 GHz to 3.9 GHz 
limiting amplifier. From the limiting amplifier the signal 
passes through a series of isolators and filters to the output 
mixer, The LO signal level at the output, mixer is about 
5 mW, 



Several different types of filters are used in the TR 502, 
each chosen for its particular characteristics. The 4.5 GHz 
low-pass filter is a tubular type, while the 2.1 to 3.9 GHz 
bandpass filter is a 16-element iiuerdigital filter. An inter- 
esting side-point is that in manufacturing the interdigital 
filter, combined tolerances are held to less than 0.00 1 inch to 
eliminate the need for tuning the filter, 

The role of the 2nd LO 

Turning to the 2ml LO input, we see that the signal passes 
through a 20 dB attenuator, to a 2.2 GHz low- pass filter, and 
thence to a two -diode balanced mixer. All of which arc 
housed in the four-cavity bandpass filter assembly pictured 
in Fig. 9. 

T he 2.2 GHz signal is mixed with the 2.095 GHz oscil- 
lator signal to generate the 105 MHz signal used to phase 
lock the 2.095 GHz oscillator. The 105 MHz signal is di- 
vided by two and compared to a 52.5 MHz crystal-controlled 
oscillator to develop the compensating phase lock signal. 

The 2.095 GHz oscillator uses a resonant micro-strip line 
in the collector of a common-base transistor oscillator to 
establish its frequency. It is tuned over a range of about 
20 MHz by varying the collector voltage to change the col- 
1 ecior- to- 1 xi sc ca pat i t a u ee . 
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Fig. 2. Three of the microwave pack- 
ages used in the TR 502. At left is (he 
four-cavity bandpass filler assembly 
showing the 20 dB attenuator and 2.2 
GHz low-pass filter. At center is the 
assembly containing the 2.095 GHz os- 
cillator, normalizing, leveling, and 6 dB 
attenuators, low-pass filter and the iso- 
lation amplifier. The assembly at right 
houses the output amplifier and asso- 
ciated filters and attenuators. 




The 2.095 GHz signal passes through a directional coupler^ 
to a PIN-diode attenuator where initial adjustment of the 
output level range is made. The signal then passes through 
a 2.2 GHz low pass filter to a second PIN-diode attenuator, 
where automatic leveling o f the TR 502 output signal 
occurs. Since the IF amplitude level out of the mixer tracks 
the rf signal level (with about 6 to 8 dB of loss) , we control 
output signal amplitude by controlling the rf signal level 
into the mixer. From the leveling attenuator, the rf signal 
passes through an isolation amplifier providing about 7 dB 
of gain and greater than 20 dB of reverse isolation. Itfc output 
drives the output mixer through a 6 dB attenuator. 

The 2.095 GHz oscillator, normalizing, leveling, and 6 
dB attenuators, the low-pass filter, and isolation amplifier 
are constructed in a comprehensive hybrid and microwave 
package (dubbed CHAMP by the project engineers) . This 
type of construction offers tremendous flexibility and econ- 
omy compared to earlier techniques. 

The output amplifier 

The output amplifier section also uses the same type of 
construction (See Fig. 2) . The lower conversion frequencies 
from the output mixer pass through a 3 dB attenuator and 
1.8 GHz low-pass filter to the wideband amplifier. The 3 
dB attenuator provides a wideband termination for the 
mixer. The 1.8 GHz low-pass filter is an elliptic function 
filter, flat to 1.8 GHz and roiling off with a sharp notch at 
2.095 GHz. The 0 to 1.8 GHz signal is amplified by about 
40 dB by Lite four-stage wideband amplifier, then passes 
through another 1.8 GHz low-pass filter to the power di- 
vider and level detector. Each stage of the output amplifier 
is supplied by a separate bias supply. The bias circuits and 
amplifiers are connected as a feedback loop with the collec- 
tor load current of the amplifier sensed by the input resistor 
to the operational amplifier. This voltage is compared to a 
+ 10V reference. The operational amplifier output drives 
the base of the rf amplifier to set the bias, holding the col- 
lector voltage constant at +10 volts. The 1.8 GHz low-pass 
filter following the amplifier attenuates frequencies above 
1.8 GHz which may be generated by the amplifier. 

The level detector is a directional peak detector that senses 
the forward power but not the reflected or reverse power. 
Forward power is independent of the load. The output at- 
tenuator provides calibrated 1 and 10 dB steps of output 
power over the range of 0 dBm to —*59 dBm, with a vari- 
able control adding up to 2 dB of attenuation between 
steps. The output amplitude is flat within ±4),5 dB from 
100 KITz to 1.8 GHz. The TR 502/7L13 system is flat with in 
± 2dB ovei the same frequency range. 

Operational innovations 

We mentioned earlier that the TR 502 could be used with 
the DC 502 Option 7 Digital Counter for making accurate 
frequency measurements. Through an innovative technique, 
using dual rf outputs, frequency can be measured accurate- 
ly at spectrum analyzer sensitivities. The theory of this 
powerful convenience is very simple. The sweep generator 
in the analyzer stops at mid-screen, and a command is sent 
through the tracking generator to the counter to count. 
When counting is completed (in 10 or 100 ms) , the counter 
commands the analyzer to continue the sweep. The user sees 
the momentary pause as a bright dot at mid-screen. The 
count time, and hence the resolution of the measurement, is 
determined by the phase lock mode of the analyzer. 

When the analyzer is operated in manual, external sweep, 
or a non-sweep mode, the counter will count continuously. 



The DOT INTENSITY control on the TR 502 enables the 
logic circuitry for counter measurements and sets the dot 
intensity on the analyzer display. 

Mechanical innovations 

The bulk of the rf circuitry is housed in the left-hand por- 
tion of the plug-in. We have already mentioned the com- 
prehensive hybrid and microwave package used for the 
2.095 GHz oscillator and associated signal path components, 
and the 0 to 1.8 GHz amplifier. Pretesting of the individual 
substrates in these units saves considerable final test time 
and substantially reduces the likelihood of encountering a 
defective unit in final test. The cost of repairing these units 
is also minimal since a failure does not necessitate replacing 
the entire unit. The defective substrate can be quickly iso- 
lated and replaced at a fraction of the cost of the entire 
assembly. The right hand half of the plug-in contains a 6- 
compartment honeycomb casting that houses the 105 MHz 
amplifier, 52.5 MHz oscillator, the 0/f detector, and the bias 
and leveling circuits. Excellent shielding, good rf environ- 
ment, rugged ness, and good serviceability are provided by 
the honeycomb structure. 

Summary 

The TR502/7L13 Tracking Generator, Spectrum Analyzer 
system provides highly accurate frequency response measure- 
ments over the range of 100 KHz to 1.8 GHz with resolution 
to 30 Hz. This narrow .bandwidth resolution yields a wide 
dynamic range (> llOdB) permitting measurements well 
down on the skirts of device responses. The system can be 
used with the DC 502 Option 7 Digital Counter to select 
and accurately determine frequencies up to 500 MHz. As a 
CW source, the TR 502/ 7U3 offers a stability of 10 Hz 
when the analyzer is in a zero-span (non-sweep) mode. 
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Delayed 
gate aids 
oscilloscope 
digital 

measurements 



Dave McCullough 



T he oscilloscope is basically an analog measurement device. We say "basically” 
because, with the introduction of digital plug-ins Tor the TEKTRONIX 7000- 
Series Oscilloscopes, digital measurements were added to the oscilloscope's 

repertoire. . : 

One of the major advantages of making digital measurements with an oscilloscope 
is the ability to view., and select, the precise portion of the signal to be measured. 
The dual time base capabilities of a plug-in like the 7B53 A, with Delayed Gate 
output, permit some highly selective digital measurements. Typical applications 
include accurate time measurements between two points on the same waveform, 
an accurate count of events in a sudden burst, or accurate voltage sampling between 
any two points on a waveform, figures 1 through 3 illustrate these measurements. 
In each instance, the Delayed Gate is used to control the digital plug-in. 

The brightened portion of the trace corresponds to the time and duration of the 






fig, l The 7DI2 A/D converter plug-in with an M2 Sample/ Hold Module. measures the 
voltage excursion on the anode of a si 1 icon -con trolled rectifier at die instant it is gated on. 
The period of measurement is selected by the Delayed Gale, displayed on l he lower trace. 
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Fig. 2. The number of pulses in a burst are readily counted by 
bracketing the burst with the Delayed Gate to gate a digital 
counter plug-in such as the 7D14 or 71)15. 
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Fig. 3. The lime between two selected events can be accurately 
measured by using the Delayed Gate to start and stop a counter 
such as the 7D15 Universal Couiucr/Timer. In this photo CH A 
of the 71)15 is armed by the Delayed Gate rise and CH B is armed 
by the fall. The count is started by the rise of the third pulse and 
stopped by the rise of the sixth pulse. The lower trace is the 
7D15 pseudo gate display showing the counting interval. 



Delayed Gate, and to the period during which the digital 
measurement will be made. The start of the Delayed Gate 
is controlled by the Delay d ime Multiplier, while gate width 
is selected by the Delayed Sweep TIM E/DI V (for the coarse 
adjustment) . The Delayed Sweep VARIABLE serves as the 
line width adjustment. 

Internal GATE and VARIABLE selection 

To simplify operation and reduce front-panel complexity 
yet maintain versatility, some controls and connectors on the 
7B53A front panel are made to perform dual functions, as 
selected internally. Figure 4 shows the VARIABLE func- 
tions available by relocating the Variable Selector Connector, 
and the Delayed Gate Out Connector that applies the De- 
layed Chile Out to the DLYD TRIG IN connector. It takes 
just a few minutes to make the changes needed to obtain a 
variable Delayed Gate at the front-panel. 
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Fig. 4. The function of the iron I -panel VARIABLE control is 
determined by the position of the Variable Selector Connector 
shown in I lie upper photo. Flic Delayed Gate Out Connector 
shown in the lower photo applies the Delayed Gate Out to the 
DLYl) TRIG IN connector. 

Summary 

Digital measurements on analog signals are greatly en- 
hanced by combining digital instruments with an oscillo- 
scope. The Delayed Gate, available with most dual time 
bases, is a powerful tool for making precise gated digital 
measurements. 
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Replacing 
irobe tips, 

lodies, and 
boots 




O scilloscope probes take a beating. Not because scope users abuse them, but 
because they get a lot of use. And since today's circuitry contains many small 
components mounted in as little space as possible, probes have to be physically 
small to work on them. The probe cable also must be small to minimize the weight 
we Jiang on the circuits. 

The smaller the probe and cable, the more subject, they are to damage. When a 
probe is damaged, it can often be repaired for much less than the cost of replacing 
it. Here are some service hints that, will help you make those repairs. 

Tips 

Most new TEKTRONIX probes accommodate small interchangeable slip-on tips. 
But many of us make a practice of using the probe without a slip-on tip and that 
makes the unprotected built-in tip subject, to breaking or bending. Trying to 
straighten a bent tip will sometimes break it. Then either the built-in tip or the 
entire probe body must be replaced. The built-in tips are less expensive but on some 
probes they are not replaceable. It is simple to tell which may be replaced, however. 
Unless the cylindrical metal ground sleeve extends all the way to the edge of the tip- 
holder the point is replaceable. See Figure la and l I k 




Fig, 1. Two types of probeTips commonly used on TEKTRONIX 
probes. The one at left is . while the one at right 

is, 



There are two types of built-in tips but they are not interchangeable. The 
following table shows which tip is for which probes. 

Use tip 206-0 1 87-00 with these 200-Series scope probes: 

0 1 0-0262-0 1 
010-0262-02 

And with this probe: 

P6055 

Use tip ^200-0 1 i l h these 200-Series scope probes: 

010-02620 3 
010-026 2 ‘04 
010-0262-05 

And with these probes: 

HZ-25 POO 6 3 A 

P6049B POO 6 5 A 

P6053B * P 6075 A 

P 606 2 A 

Two different methods can be used to remove replaceable tips. The first method, 
which can be used for all replaceable tips, is pictured in Fig. 2. A sharp pair of wire 






Fig. 3. The replacement lip am be pressed into position by tap- 
ping sharply with a 3/16" hollow shaft mil driver (or similar tool) 
as shown here. 




Fig. 4. The new style probe body can be distinguished from the 
old style by noting the six raised ribs inside the end near the 
tli reads. 



cutters is used i<> separate the plastic tip from the grounding 
sleeve. Gripping the probe tip between the plastic: and 
grounding sleeve with the cutters, pull the tip free from 
the grounding sleeve with a sideways rocking motion of the 
cutters. Care should be taken not to squeeze or nick the 



*a j gro u n d i n g sle c vc . 

«Jgp*The second method can be used for removing some tips, 
and avoids the possibility of damaging the grounding sleeve 
with the cutters. It involves using a small rod to drive the 
tip out from the rear. Different size rods are needed for 
different probes. For the following probes a rod with a 
diameter of about 0.15 inches should be used: 

P6049B P6055 

P6053B P 606 5 A 

P6054B P 6075 A 

For the following 200-Series scope probes use a rod with a 
diameter of about 0.05 inches: 

010-0262-00 
01 0-0262-0 1 
010-0262-02 

Other replaceable tips cannot be removed with a rod. 

To remove a tip with a rod, insert the rod into the rear 
of the probe body making sure that the rod is seated on the 
plastic tip-holder, and drive the holder out. 

To replace a probe tip, use the procedure shown in Fig. 3. 
The 1C test tip is placed over the probe tip, and a 3/1 6" 
hollow shaft nut driver is used to press the tip into position. 
Bodies 

The screw-on probe bodies on some of the early models of 
the probes listed below 

contacts. When that happens a new style body should be 
ordered. A new style body may be distinguished from the 
old style by inside the end near the threads 

in the new style. See Fig. 4. 

For— 



P 6 049 A 


use 


204-0447-03 


P 6 05 3 A 


use 


204-05794)0 


P 6 054 A 


use 


2044)57903 


P 6 065 A 


use 


2044)5794)1 


P 6 07 5 A 


use 


204-0579-02 



Boots 

If you are encountering probe cable breakage near the 
strain relief hoot on the scope-end of the following probes 
you should know that replacement cable assemblies have 
longer hoots (50 mm) making the new assemblies more 
reliable. Here are the probes and assembly numbers: 



P6053A 





3.5 ft 010-6053-01 


use 


175-1101-01 




6.0 ft 010-60534)3 


use 


175-1139-01 




9.0 ft 010-60534)5 


use 


175-1311-00 


P6053B 




3.5 ft 0104)053-11 


use 


175-1435-00 




(i.O ft 0! 0-6053- 13 


use 


175-1139-02 




9.0 ft 0104)053-15 


use 


175-1311-01 


P0054A 




3.5 ft 010-6054-11 


use 


175-11734)3 




6.0 ft 010-6054-13 


use 


175-13834)1 




9.0 ft 010-6054-15 


use 


175-1400-01 


POO 6 1 




3.5 ft 010-6061-01 


use 


175-1173-02 




6.0 ft 010-60614)3 


use 


175-1174-01 




9.0 ft 010-6061-05 


use 


175-1205-01 


P6065A 




6.0 ft 010 0065-13 


use 


175-1383-01 




9.0 ft 010-6065-15 


use 


175-1400-01 


P6075A 




6.0 ft 01 0-6075- 13 


use 


175-1383-01 


Replacement parts mav be ordered through your local Tek- 


tronix Field Office or Representative. 
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WP2005 Waveform Digitizing instrument 

The W 1*2005 Waveform Digitizing Instrument is a high* 
speed waveform viewing package that features bright, stored 
displays of transient or repetitive waveforms. Its high per- 
formance includes bandwidth of 500 MHz at lOmV/div or 
1 GHz at 4V/div (using the 7A21N Direct Access Unit), 
sweep speeds to 0.5 ns/div, and stored writing speed to 
8,000 div/'/ts. The new 605 Storage Monitor with its bright, 
variable persistence storage display makes it feasible to 
offer the WP2005 without the 1550 Memory Display Unit 
used in other W1)J viewing packages. The result is the least 
expensive viewing package for those wishing only to see the 
shape of a transient, or to overlay successive transients and 
observe changes or anomalies. 



4006-1 Computer Display Terminal 

The new TEKTRONIX 4006-1 Computer Display Terminal 
brings graphic display capability right to your desk top at 
a new low cost. The II -inch storage tube provides crisp, 
clear displays with 800,000 viewable points (1024X by 780Y) . 
It has an on-screen capacity of 2590 alphanumeric char- 
acters. You can transmit or receive data at selectable rates 
of 75 to 4800 baud. 

The 4006-1 is supported by extensive software products, 
and is compatible with the 4651 Hard Copy Unit for dry, 
high-quality, 8U>x 11-inch copies of any information dis- 
played on the 4006-1 screen. The Digital Cartridge Tape 
Recorder, a low-cost off-line data storage device, is also com- 
patible with the 4006-1. For more complete details on the 
4006-1 use the reply card accompanying Tekscope. 



Copyright © 1975, Tektronix, Jnc. All rights reserved. Printed in U.S.A. 
Foreign and U.S.A. Products of Tektronix, !nc. are covered by U.S.A. 
and Foreign Patents and/or Patents Pending, information in this publi- 
cation supersedes aEi previously published material. Specification and 
price change privileges reserved. TEKTRONIX, SCOPE-MOBILE, TELE- 
QUiPMENT, and are registered trademarks of Tektronix, Inc., P. 0. 

Box 500, Beaverton, Oregon 97077, Phone: {Area Code 503) 644-0161. 
910-467-8708, Cable: TEKTRONfX. Overseas Distributors in over 40 
Countries. 
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A new TEKTRONIX TM 500 Catalog is now available. It 

contains the most up-to-date data on new TM 500 products, 
such as the SC 502 dual-trace oscilloscope and TM 515 Trav- 
eler Mainframes, and is the most complete compilation of 
performance specifications for the entire line. Also included 
are thirteen articles discussing the application of TM 500 
instrumentation in areas varying from field servicing of digi- 
tal equipment to the vibration analysis of turbines. 

A new 32~page booklet entitled “Portable Oscilloscopes 
For all your Servicing Needs” provides complete specifi- 
cations on Tektronix extensive line of portable oscilloscopes. 
Included is a discussion of the factors to be considered in se- 
lecting the portable best suited to your needs. 

Curve Tracer Application Note 48K1.0 entitled “Testing 
Optoisolaiors” describes the use of the TEKTRONIX 
577/177 Curve Tracer to check most of the important opto- 
isoiator specifications. Testing these devices before they are 
installed can save many costly hours of troubleshooting in the 
prototype, productions, and test stages of manufacturing. 



To receive copies of this literature use the inquiry card ac- 
companying Tekscope. 
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2 A 16-channel logic analyzer for the 7000 Series 

A plug-in logic analyzer with built-in 16-bit word recog- 
nizer transforms your 7(HX) Series Oscilloscope into a 
high-performance logic analysis tool for working in the 
digital domain. 



8 A plug-in word recognizer with digital delay 

A companion plug-in for the LA 301 provides data ac- 
quisition with high-impedance active probes, 16-bit word 
recognition, and digital delay. 

The WR 301 can also operate as a stand-alone word 
recognizer or digital delay unit. 

12 The FG 504 — a new standard in function 
generators. 

A 40- MHz function generator with 6-ns rise time, 30-volt 
peak-to-peak output, and phase lock offers a new level 
of operating convenience, versatility, and signal gener- 
ation. 



Hi A new low-cost 500 MHz probe 

The circuit -loading effect of a new FKT probe is com- 
pared with that of high-impedance passive probes. 
Designed to work into 30 U or 1 MQ, the probe features 
dc offset and wide dynamic range. 



19 New products 

Included are a host of new products for TV and CATV 
broadcasters & designers. 

Servicescope, a regular feature, does not appear in this 
issue because of space considerations. It will resume in 
the next issue. 

Cover: Some of the unique features of the 71)01/7000 
Series logic analyzer system arc presented in this artistic 
treatment. The digital readout above the traces shows 
the number of clock pulses occurring between the trigger 
and cursor positions. The readout below the traces is the 
binary word present at the cursor position. (The trigger 
and cursor position are not shown in this display.) 

Copyright © 1976, Tektronix, Inc. All rights reserved. U.S.A. and 
Foreign Products of Tektronix, Inc. are covered by U.S.A. and 
Foreign Patents and/or Patents Pending. TEKTRONIX, TEK. 
SCOPE-MOBILE, TELEQUIPMENT and are registered trade- 

marks of Tektronix, Inc. Printed in U.S.A. 
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A 16-channel logic 
analyzer for the 
7000 Series 



M ore than just an oscilloscope. This is the phrase 
often used to describe the 7000 Series. And for 
good reason. Plug-in versatility transforms 7000 Series 
Oscilloscopes into counters, digital multimeters, spec- 
trum analyzers, time-domain reflectometers, curve trac- 
ers, rapid-scan spectrometers, etc. Now, with the intro- 
duction of the 7D01 plug-in, 7000 Series Oscilloscopes 
become state-of-the-art logic analyzers. 

The 7D01 is a 16-channel, logic timing analyzer that 
presents data in the familiar oscilloscope- type, time- 
related diagram pictured in figure 1. But, as you can 
see, there’s much more that meets the eye in figure 1 
than just the usual multi-trace, logic timing diagram. 
Several features have been added to aid you in analyz- 
ing the displayed data. 

Note the two vertical rows of bright dots. T he row 
at the left indicates the triggering point. In this in- 
stance, we have selected the post-trigger position, which 
means that 90% of the data displayed occurs after the 
trigger. Pre-trigger and center- trigger positions are 
available at the flip of a switch, to give you a wide range 
of data to view. 

The second row of bright dots in the display provides 
a reference point for making time comparisons between 
displayed channels. This row of dots can be positioned 
anywhere on the horizontal axis by means of the cursor 



controls. The fine control moves the dots one bit at a 
time, and the coarse control in 16-bit increments. The 
readout at the top of the screen shows the number of 
bits occurring between the trigger and the cursor. In 
the asynchronous mode, this number multiplied by the 
sample interval equals the time difference between the 
trigger and the cursor position. When using an external 
clock, the readout shows the number of clock pulses 
occurring between these two points. The cursor is 
especially convenient for locating a particular bit or 
point in time relative to the trigger. 

There has been much discussion as to whether the 
logic state or the logic timing display is the most useful 
in performing logic analysis. Each has advantages for 
specific applications. The 7D01 resolves this issue for 
many applications by providing both types of display. 

You will note that the readout at the bottom of the 
screen in figure 1 is in the format usually displayed by 
logic state analyzers. The binary word displayed cor- 
responds to the logic word present at the cursor posi- 
tion. This unique feature makes the 7D01 useful for 
many software and firmware applications. It is often a 
convenience also in hardware applications. 



A versatile trigger 

Trigger versatility is one of the most important char- 
acteristics of a logic analyzer. We have already discussed 
the ability to view data preceding the trigger, following 
the trigger, or both preceding and following the trig 
ger. Now, let’s consider the sources of trigger. 

A choice of three sources is provided by a front-panel 
switch: channel 0 of the probe input, external via BNC 
input, or from the built-in, 16-bit Word Recognizer. A 
fourth choice is manual triggering by front-panel push 
button. 

The 16 data-input channels also serve as inputs for 
the Word Recognizer. Front-panel switches allow you 
to select any pattern of up to 16 parallel bits as the 
trigger word. 

Two additional inputs, the Probe Qualifier and the 
External Qualifier, provide still further selection of the 
triggering point, giving us, in essence, an 18-bit Word 
Recognizer. The External Qualifier may be the output 
from another Word Recognizer, a time delay or digital 
delay generator, or another signal from the system 
under test. The signal should be TTL level and have a 
minimum duration of 15 ns. 
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Fig. 1. A wealth of information is available from the display gen- 
erated by the 7D01. The intensified dots at left show the trigger 
point. The dots about two divisions to the right arc a movable 
cursor. The number of clock pulses occurring between the two 

There are two paths through the Word Recognizer, 
synchronous and asynchronous, selectable by a front- 
panel switch. In the asynchronous mode, a variable 
filter is inserted in the trigger path that prevents 
glitches and other anomalies from causing false trig- 
gering. Word recognition of bit combinations of short- 
er duration than the filter setting is inhibited. Maxi- 
mum filter width is at least 300 ns. 

The trigger point indicated on the display is most 
accurate when operating the Word Recognizer in the 
asynchronous mode with the filter set at minimum, or 
when using an external sampling interval. The trigger 
position indication is less accurate when triggering 
from channel 0, or when the asynchronous filter is ad- 
vanced clockwise. 



bright dots is displayed at the top of the screen. The 16-bit binary 
word at the cursor position is displayed at the bottom of the 
screen. Right to left corresponds with top to bottom. 

The built-in Word Recognizer operates independent 
of the rest of the logic analyzer. When all of the condi- 
tions required for word recognition are met, the data 
acquisition circuits are enabled and a HI signal is sup- 
plied to a front-panel connector, for triggering an 
oscilloscope or other associated equipment. A Word 
Recognizer output occurs each time the conditions are 
met, whether the logic analyzer is operating in the store 
or display mode. 

For applications where it is desirable to page through 
a long sequence of events, a companion plug-in, the 
7D10, provides digital delay by up to 10 7 events. The 
delayed trigger output of the 7D10 serves as an external 
qualifier or trigger for the 7D01. The 7D10 counts 
events at rates up to 50 MHz. 
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Fig. 2. The 4-k memory in the 7D01 is formattable. One of four 

4 x 256-bit sections is shown. It can store 1024 bits from one chan- 
nel, 512 from two, or 256 from four channels. In 4-channel opera - 

Data inputs 

Up to 16 channels of parallel data can be acquired 
simultaneously by the 7D01. Minimum loading (1 M O, 

5 pF) on the circuit under test is achieved by two active 
probes with multiple inputs. Probe qualifier and exter- 
nal clock inputs are also provided for in the active 
probes. 

You have a choice of threshold levels for the probe 
inputs — a preset +1.4 volts for TTL applications, or 
selection over a range of ± 12 volts by a front-panel 
variable control. 

Data can be clocked into the 7D01 in either a syn- 
chronous or asynchronous mode. In asynchronous, the 
clock may be either internal or external at rates up to 
100 MHz depending upon the number of channels in 
use. To match the resolution of the measurement to 
your specific application, sample intervals derived from 
the internal clock may be selected over the range of 
5 ms to 10 ns, in a 1-2-5 sequence. 

A formattable memory 

One of the most useful features of the 7D01 is the for- 
mattable memory. Consisting of sixteen 256-bit random 
access memories (RAMs) , the memory can be formatted 
by a front-panel switch to store four channels with 1024 
data bits per channel, eight channels with 512 bits per 
channel, or sixteen channels with 256 bits per channel. 



lion the Data Selector functions as a 4-bit shift register, in 8- and 
16-channel operation as 4-bit latches. 



Let’s take a look at how this is accomplished (see 
figure 2). The 16 data inputs are arranged in groups 
of four, each group coupled to a corresponding 4 x 256- 
Bit RAM. In the 4-channel mode of operation, the Data 
Selector functions as a 4-bit shift register, acquiring 
four bits of data input from channel 0. The Data Latch 
transfers the data from the outputs of the Data Selector 
to the inputs of the four, 256-Bit RAMs. Through 
a three-gate arrangement controlled by the DATA 
CHANNELS switch, the outputs of the RAMs can be 
added to give us a single 1024-bit memory, two 512-bit 
memories, or four 256-bit memories. The function of the 
Data Selector is also controlled by the DATA CHAN- 
NELS switch to pass four bits of data from one channel, 
two bits from each of tw r o channels, or one bit from each 
of four channels, to the Data Latch. 

Data acquisition and display 

Figure 4 is a simplified block diagram of the 7D01. Let’s 
refer to it and go through a cycle of acquiring and dis- 
playing data. A good point to start is when reset occurs. 

When display time ends, a reset signal is generated by 
the reset circuitry. This resets the trigger flip-flop, trig- 
ger and address counters, and the store/display flip-flop, 
switching the memory from the display mode to the 
store mode. Data, which is clocked into the Data Latch 
at the high-frequency clock rate, is transferred to the 
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Fig. 3. The 7010 Digital Delay plug-in is an ideal companion for 
the 7D01. It will count up to 10 7 arbitrary trigger events, periodic 
or aperiodic, and deliver an output after the preselected count has 
been reached. 

memory at the memory low-frequency clock rate, start- 
ing with the end of reset. The high-frequency clock rate 
is determined by the SAMPLE INTERVAL switch set- 
ting, and is divided by 1, 2, or 4 times to establish the 
low-frequency clock. Data is clocked into the memory 
until a trigger occurs, and for a period following the 
trigger as determined by the DATA POSITION switch 
setting. For example, in the CENTER position, half of 
the memory fills after the trigger occurs. 

The input steering and latch circuitry determines 
how data will be input to the memory. In the 1-channel 
mode, the data from channel 0 is clocked serially into 
one 4 x 256 section of the memory, as previously dis- 
cussed. The data from channels 1, 2, and 3 are clocked 
into their respective memories simultaneously, in a 
similar manner. 

Occurrence of the trigger, switches the trigger Hip- 
Hop, gating on the trigger low-frequency clock. The 
low-frequency clock is the store clock (high-frequency 
clock) divided by 1, 2, or 4 times, depending upon the 



setting of the DATA CHANNELS switch. A separate 
1-, 2-, or 4- times divider is used for the trigger low- 
frequency clock because of phasing considerations re- 
lated to the memory low-frequency clock. 

The trigger counter counts 16, 128, or 240 counts 
(depending upon trigger position selected) and then 
generates the first Hag. During this Hag, the memory 
clock is summed with a gate derived from the trigger 
clock, to generate a gate that switches the Store/Display 
Flip-Flop to the display mode. Transition from store 
to display is thus made in phase with the memory low- 
frequency clock. 

The display clock, which runs at 2 /ns, now becomes the 
high-frequency clock. It, in turn, is divided by 1,2, or 4 
to become the memory and trigger low-frequency clocks. 
During display time, the outputs of the sixteen, 256-Bit 
RAMs are displayed in serial fashion, as determined by 
the Output Steering and Multiplexer circuitry. 

In the display mode, the trigger counter counts 
through 256 counts of the display clock (equivalent to 
one display line) and generates a second Hag. This Hag 
resets the sweep, blanks the crt, and selects the next 
channel to be displayed. This Hag also goes to a divide- 
by-16 counter that sets a Hag when sixteen channels have 
been displayed. When the display time ends, a reset 
pulse is generated and the store/display cycle starts 
again. 

To further enhance the flexibility of the 7D01, a 
choice of two display modes — Full Display or First 
Trigger — can be selected by positioning an internal 
jumper. In the Full Display mode, the trigger to the 
Trigger Flip-Flop is inhibited until the Address Count- 
er has completely cycled. This assures that the memory 
is filled with valid data. 

In the First-Trigger mode, it is conceivable that a 
trigger may occur before the memory is completely 
filled. If this occurs, the display is blanked during the 
time that invalid data would be presented. 

Data outputs 

Data from the memory is available in both parallel and 
serial format from an internal 25-pin connector. Also 
available are the display /store, Hag, frame, trigger in- 
tensify, and master reset outputs. 

Two inputs are made via the connector: record en- 
able and external display clock input. An external dis- 
play clock is required if the data are to be output to 
computer for further analysis. 

Summary 

The 7D01 is designed to oHer high-performance, 16- 
channel logic analysis to 7000 Series users. Used with 
conventional oscilloscope plug-ins in a four-hole main- 
frame, you can have both an oscilloscope and a logic 
analyzer in a single package. The formattable memory 
offers unparalleled flexibility, and the high-speed data 
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Fig. 4. Simplified block diagram of the 7D01. 



acquisition and minimum loading afforded by active 
probes makes the 7D01 ideal for working with higher 
speed logic families. 
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Pete Janowitz 

A plug-in word recognizer 
with digital delay 

F or sports fans, instant replay quickly became one of the most appreciated 
improvements in televised sports programming. Engineers have long had 
the ability to view critical “happenings” in their electronic circuitry, with the 
aid of oscilloscopes. 

Now, with the introduction of logic analyzers, an engineer has not only 
acquired instant-replay capabilities, he can instantly replay and view sixteen 
channels simultaneously. It’s a companion tool, the word recognizer, that 
enables him to recapture the action at any point he chooses. 

Sometimes the word recognizer is an integral part of the logic analyzer. In 
other instances, it’s a separate entity — like the new r TEKTRONIX WR 501 
Word Recognizer. Designed primarily tow'ork w ith the LA 501 Logic Analyzer, 
it occupies a single plug-in compartment in a TM 500 mainframe. When 
ordered with the LA 501, the package is called the LA 501W and includes all 
of the interfacing hardware needed to couple the WR 501 and LA 501 mech- 
anically and electrically. 
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The WR 501 can also function as a stand-alone word 
recognizer /digital delay unit for those needing to ex- 
pand the triggering capabilities of their logic analyzer, 
oscilloscope or other equipment. For example, WR 501s 
can be cascaded to obtain greater word width, dual 
word recognition /delay, or delay ' "nesting" (delay with- 
in a delay). 

Using the new P645.1 high-impedance (! Mo, 5 pF) 
active probes, the WR 501 can acquire up to sixteen 
channels of data, plus an external clock and qualifier 
signal. Maximum flexibility is afforded by using two 
probes, each with nine inputs. Separate threshold con- 
trols for each probe facilitate working with systems 
using mixed logic families, with preset threshold volt- 
ages for TTL and ECL signals selectable by front-panel 
switches. Variable con trols provide a choice of threshold 
voltage over a range of d= 10 volts. 

The Qualifier input can be used to expand the word 
recognizer to 17 bits, gate the external clock, or do both. 
In the LA 501 W, the external clock can be gated by the 
Qualifier input, allowing you to selectively dock data 
into the memory. 

Synchronous or asynchronous operation 

In some applications it is advantageous for word recog- 
nition to be synchronous with the system dock. For 
others, it is desirable to generate a trigger whenever the 
word pattern occurs* With the WR 501, the choice is 
yours at the flip of a switch. 

In the synchronous mode, the external clock signal 
acquired by the probe clocks the Sync Flip-Flop to gen- 
erate a word recognizer output in step with the system 
clock. 

In the asynchronous mode, a word recognizer output 
is generated whenever the selected word pattern occurs. 
A selectable-pulse-width filter with a range of 5 to 
300 ns is automatically activated, to reduce the possi- 
bility of false triggering due to glitches or data skew. 

A built-in digital delay 

Another useful feature incorporated in the WR 501 is 
digital delay. You have a choice of delaying by up to 
09,999 dock pulses or w r ords at clock rates up to 50 MHz* 
Delay by words generates a trigger at the nth occur- 
rence of the word so we can see what happens at the end 
of a program loop, for example. The count is set by 
convenient push-button thumbwheel switches. 

The delay count is started by an output from the 
word recognizer when word recognition occurs. For 
those applications where you want to use the delay 
without the recognizer, you can start the count by using 
a single bit from one of the data inputs. Just set the 
appropriate WORD SELECTOR switch. A front- pane l 
push-button lets you reset the delay counter manually 
at any point in time. Reset is automatic when the select- 
ed delay is reached* 



The trigger output pulse generated by word recogni- 
tion, or word recognition plus selected delay, is brought 
out to a front-panel BNC connector, and also routed to 
the LA 591 via an internal multi-pin connector. The 
output pulse is TTL compatible, with duration a func- 
tion of the operating mode and signal inputs. 

Interfacing to the LA 501 

Special provisions are made to interface the WR 501 
and LA 501 without the need for external connections. 
The sixteen data inputs, external clock, and word recog- 
nizer output are coupled internally through a short 
cable assembly, to the 25-pin probe- input connector in 
the LA 501, in place of the P6450 passive probe* The 
sixteen data inputs to the WR 501 are always present 
at the interface connector, irrespective of front-panel 
control settings* This arrangement of the WR 501, 
interface, and LA 501 make up the LA 50 1W. 

The threshold controls on the WR 501 now control 
the probe inputs, with the threshold control on the LA 
501 affecting only the front-panel external trigger and 
the BNC probe inputs. Attenuator probes can still be 
used with the BNC inputs for channels 0 through 3 on 
the LA 501 by setting the INPUT to BNC. Data chan- 
nels 4 through 15 will be supplied from the WR 501 
inputs. This gives you three individual thresh old con- 
trols and the ability lo view inputs separated some dis- 
tance. The attenuator probes can handle signals up to 
±: 500 volts to accommodate many real time situations* 

If you have a need for 1 (5-bit word recognition while 
viewing more than four other data channels, you can 
remove the interface cable and use the WR 501 as a 
stand-alone word recognizer* The optional P6450 pas- 
sive probe can then be used w r ith the LA 501 for data 
acquisition. The output signal from the WR 501 is 
coupled externally to die LA 501 external trigger input 
in this instance* 

Technical details 

The WR 501 performs tw f o major functions — word 
recognition and digital delay. The simplified block 
diagrams in figures 1 and 2 will be useful in under- 
standing how each 1 unction is performed, and how^ 
they relate. 

The sixteen data channels acquired by the WR 501 
probes pass through a differential FET pair, with one 
output going to the word recognizer, and tire other out- 
put through delay lines to the interface connector. The 
delay lines provide zero hold time for the LA 501 data 
inputs. 

The Qualifier can gate either the word recognizer or 
external clock, or both, or can be turned off when not 
needed. The delay line in the word recognizer signal 
path provides zero hold time for synchronous operation. 
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Fig. 1. Simplified block diagram of the word recognizer portion of 
the W'R 501. Signals from the sixteen data input channels can be 

The 5 to 300 ns filter is activated whenever asyn- 
chronous triggering is selected, and can be set to assure 
valid word recognition. 

Output trigger selection is controlled by the front- 
panel switch labelled CLOCK OFF WORDS, which 
corresponds to the Delay In/Out blocks in the dia- 
grams. In the delay OFF position, the word recognizer 
output goes directly to the output buffer and output 
converter driver. The converter transforms the output 
signal from ECL to TTL level. 

In the delay IN position, which corresponds to either 
delay by word or delay by clock, the delay circuitry is 
inserted in the trigger output path and no trigger out- 
put signal is generated until alter the selected delay has 
been accomplished. 

Moving along to the delay circuitry block diagram 
shown in figure 2, we see that the Delay By Selector 
routes either the system clock or the output from the 
word recognizer to the counter circuitry. The word 
recognizer output also goes to the start circuitry to 
initiate counting. 



coupled directly to the LA 501 W independent of word recognizer 
operation. 

Five decade counters are used. The least-significant- 
bit (LSB) counter is ECL, with the remaining counters 
111. Counter operation is essentially straight-forward, 
using a 9’s complement scheme. The Hold block is a 
latch that holds the 9999 Detector output level until 
the LSB counter reaches the nine count, while allowing 
the TTL counters to be reset. 

When the selected count is reached, the Delay Output 
Flip-Flop is switched, generating a delayed trigger sig- 
nal. The delayed trigger is routed to the Trigger Selec- 
tor for availability as the output trigger signal. 

Summary 

The TM 500 Series family is designed to allow you to 
configure your measurement package to fit your mea- 
surement needs. The high-performance LA 501 has 
been meeting many of your logic analyzer needs. Now, 
the WR 501 with its high-impedance probes, 17-bit 
word recognition, and digital delay expands your logic 
analysis capabilities to include even the more sophisti- 
cated measurements. And you are not limited to the en- 
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Fig. 2. Simplified block diagram of the digital delay portion of the reset provides for resetting the counter whenever the full count 

WR 501. Delay is enabled by the word recognizer output. Manual has not been reached. 



gineering and production environment. The LA 501 YV, 
WR 501, and the SC 502 packed into a TM 515 main- 
frame give you a complete logic analysis system in a 
suitcase. They will help you solve those tough logic 
problems, wherever you encounter them. 
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Ira Pollock 

The FG 504- a new standard 
in function generators 

A t 40 MHz, with 6-ns rise time, 1 ek s new FG 504 is the fastest function 
generator available today. 

But what should really get function-generator users excited is that the FG 504 
combines more features than any other generator on the market. Most of the 
operating modes are independent. And the front-panel controls allow simul- 
taneous usage. \ et it is no more complicated to operate than your average 
function generator. 






What all of this refinement and versatility will mean 
to many users is an opportunity to make one instrument 
do the job of several, to a degree never before possible. 
For example, many users will not have to buy a separate 
pulse generator* 

A few specs* The TEKTRONIX FG 504 is a two- 
mod ule-wide, 4Q-MH/., 6-ns rise time function generator 
with 30-V p-p output, variable rise and fall, log and 
linear sweep, phase lock, and amplitude modulation 
capability. Its calibrated frequency range is 0.001 Hz to 
40 MHz in ten decades, with an extra range from 20 Hz 
to 20 KHz for audio applications. The audio range can 
be changed to an intermediate or custom range by re- 
placing an internal capacitor* 

A clean sweep 

Using this one instrument, customers can sweep test 
audio amplifiers, speakers, tone controls, filters, and 
graphic equalizers. With sweep widths to 1,000:1, the 
FG 501 can sweep the entire 20- Hz to 20- KHz audio band. 

The audio band, of course, is not the only frequency 
range the FG 504 will sw r eep: mechanical resonances at 
low frequencies and slow sweep rates are as easy to 
investigate as the center frequency of an IF hirer. Both 
internal logarithmic and linear sw r eeps allow the user 
to sweep up to the 1,000:1 frequency range as fast as 
100 jus, or as slow as 100 seconds* Setting the lower and 
upper limits is quickly accomplished with concentric 
STAR!’ and STOP dials* 

Now here's convenience. If you're involved in an 
application that requires frequent switching between 
two frequencies — such as checking filter or amplifier 
band widths — you simply pre-set your upper and lower 
frequencies. Hit TRIG SWEEP and you get the lower 
frequency. Hit the STOP FREQ button and you get 
the upper frequency* 

The internal sweep can be manually or externally 
triggered, with settings ranging from + 1 V to +10 V. A 
linear sweep output voltage (0 to +10 V) simplifies log 
frequency plots when sweeping the main generator log- 
arithmically. Semi-log paper can then be used on a 
chart recorder* 

A welcome feature is the HOLD button that allows 
you to " freeze", or stop, the output voltage at all fre- 
quencies below 400 Hz. People using sub-audio frequen- 
cies are often involved with analog simulations or elec- 
tromechanical experiments, such as mechanical stress 
analysis or servo-system testing. If, in the course of an 
experiment, it is desirable to stop the progress and ex- 
amine some intermediate result, the FG 504 allows the 
user to do so, retaining the voltage. This simplifies 
testing where you want to stop and measure a slowly 
changing voltage, or stop a system that you're con- 
trolling with the FG 504*s output. Releasing the button 



lets the generator resume operation from the point of 
interruption* 

External modulation capabilities 

External control of frequency over the 1,000: 1 frequency 
range is available via the voltage-con trolled frequency 
(VGF) input. Signals applied to this input cause fre- 
quency modulation. The carrier frequency can be as 
high as 40 MHz, with a modulation bandwidth of dc 
to 16 KHz at maximum frequency deviation (higher 
with less than 1,000: 1 deviation). 

Digital data is often transmitted using Frequency 
Shift Keying (FSK). FSK can be generated by applying 
the digital pulse train to the VCF input and manipu- 
lating the ‘T' level, and setting the carrier frequency 
to the appropriate "O” frequency. 

Automatic AM 

Complementing the FM capabilities is a dc-couplcd AM 
input that provides either external voltage control of 
the sine wave amplitude or standard AM. 

On the FG 504, AM is automatic* Just plug the signal 
into the AM input and the carrier amplitude is cut in 
half. A positive-going signal increases the amplitude, 
and a negative-going signal decreases the amplitude to 
full, 100% modulation* 

With a dc offset on the modulating signal, double- 
sideband, suppressed-carrier modulation is possible. 
Modulation bandwidth is dc to >100 KHz. 

Dynamic reaction of AGC, squelch, or other ampli- 
tude-sensitive circuits, such as Dolby systems, are easy to 
test with a square wave on the AM input, which varies 
the output between two different signal levels* 

For classroom use, the FG 504 can be used to demon- 
strate modulation theory* Modulation ability is also of 
great interest in the fields of receiver design, testing, 
service, and analysis* 

Phase lock — a new feature 

Until now, phase lock has been largely ignored by de- 
signers of function generators* This is rather surprising 
when one considers how much the ability to lock the 
frequency and phase of a signal generator to that of a 
reference signal increases the versatility of the generator* 

Applications for a phase-locked function generator 
abound in both the analog and digital world. The de- 
sign of push-pull amplifiers, for example, is greatly 
facilitated with signal generators that can produce both 
sine and square waves that are 180 Q out of phase. 

Measuring the square-wave response is a convenient 
method for deriving frequency-response information: 
rise time— upper 3-d B frequency; sag— low- er 3-d B point; 
overshoot— damping and pass- band flatness. This is an 
ideal application for a phase-locked FG 504 and another 
function generator such as the FG 503. The same setup 
can be used to analyze quadrature-phase detectors by 
changing the phase difference to 90 °* 
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Fig. 1. Variable rise and fall times increase pulse flexibility as 
shown in this photo. 

Fig. 2. The FG 504 provides 30 V output with 6 ns rise and fall 
times, ideal for design in MOS and other logic families. 

Fig. 3. Generating multi-phase clock signals is greatly facilitated 
by the phase-lock capability in the FG 504. Slaved to a master gen- 
erator, the FG 504 will follow over a wide rep rate range. 



Fig. 4. A true four-quadrant multiplier permits normal AM or 
double-sideband, suppressed -carrier modulation. 

Fig. 5. The upper trace is a frequency-swept square wave signal to 
an op amp. The lower trace is the op amp output, showing slew- 
rate limitation. 





The obvious application for phase lock is to lock an 
FG 504 to a house standard or crystal oscillator, and 
have an extremely stable source of high-amplitude sine, 
square, and triangle waves. Adding a DD 501 to the 
FG 504 permits integer-frequency division, for limited 
synthesizer applications. For example, a 20-MHz ref- 
erence divided by 247 yields a 12.35-/uts period, within 
0.05% of the time for a radar mile. 

With a digital logic signal for a reference, and the 
variable phase used to set relative timing, the FG 504 
output can be adjusted to give a bi-phase clock. A bi- 
phase clock can help to solve logic-race problems. Most 
microprocessors use bi phase clocks. Using a phase-locked 
function generator, instead of a pulse generator with 
delay, has the advantage that changes in the master-gen- 
erator frequency will not perturb phase relationships. 

The FG 504 can be phase-locked from 100 Hz to 40 
MHz. Lock and capture range is z±z 10 major dial div- 



isions (±: 10X frequency multiplier setting). With the 
dial set at 1 1, for example, the lock range is from 1 on 
the dial to 21. 



Gated and triggered modes 

Another feature that adds to the versatility of the FG 
504 is the gated mode. An external signal or the manual 
push button can control the number of cycles that are 
generated in a burst, as well as the time that the burst 
is initiated. The use of a DD 501 with the FG 504 makes 
counted-burst operation possible where the user selects 
thumbwheel switches in the DD 501 to determine the 
number of cycles to be generated in the burst. 

In addition to use with digital logic, gated operation 
is used in such acoustic applications as tone-burst testing 
of loud speakers, sonar, ultrasonic imaging, and anom- 
aly detection. The starting phase of the output wave- 
form is adjustable over a ±: 80° range. 
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Fig. 6. Typical logic package consisting of a TM 506 Mainframe, 
l)i) 501 Digital Delay, PG 508 Pulse Generator, FG 504 Function 
Generator, and DM 502 Digital Multimeter. 



In the triggered mode, the FG 501 generates a single 
cycle of the selected waveform for each cycle of the input 
signal, or every time the manual button is pushed. As 
in the gated mode, the starting phase of the selected 
waveform is variable over a ± 80° range. With square 
waves, the phase control acts as a delay control with a 
range of about 90% of the pulse duration. 

Triggered operation is particularly useful in logic 
applications such as pulse shaping and level shifting. 
For example, a short-duration, ECL-amplitude pulse 
can be converted to a CMOS-level pulse of longer dura- 
tion, or a sine wave can be turned into a TTL-level 
square wave. 

Square waves are not the only useful type of triggered 
waveform. Triggered triangles and sine waves are used 
in mechanical-impulse tests. With the phase control at 
one end, sine-squared pulses are approximated. Sine- 
squared pulses find wide application in such areas as 
transmission-line testing, or testing the impulse response 
of bandwidth-limited systems, since the energy in a 
sine-squared pulse is concentrated in a narrow band. 

The Dirac Delta function, in comparison, ideally 
requires infinite bandpass, and so rules itself out of 
these applications. 

A unique output amplifier 

The output section of the FG 501 is unique for a func- 
tion generator. As in most function generators, the out- 
put amplifier acts as a voltage source behind 50 ohms. 
Unlike most other function generators, the signal swing 
at the output amplifier is a constant 50 V peak-to-peak. 

Past generators have placed the variable control in 
front of the output amplifier and also summed the offset 
terminal at the amplifier input. This is an excellent 
scheme, due to its simplicity and low cost, for a low- 
performance generator. 

However, in high-performance instruments problems 
arise. Fast output amplifiers tend to change rise time 
and aberrations with signal amplitude and offset. T hese 
problems are avoided in the FG 504 by running a con- 
stant-amplitude signal into the amplifier and doing all 
of the attenuation and offsetting after the amplifier. 



The signal can be attenuated up to 50 dB, in 10 dB 
steps, by a step attenuator, and a constant-impedance 
variable attenuator can add another 20 dB. 

A post-attenuator offset 

Probably more important to the user than the post- 
amplifier attenuators is the post-attenuator offset. Dc 
offset is generated with an adjustable current source 
wired in parallel with the amplifier and attenuators. 
Offset range is dt 7.5 V, independent of signal level. 

Users will find this arrangement particularly conven- 
ient in determining optimum bias points for amplifiers, 
logic thresholds, and comparator hysteresis limits. 

T he 50-ohm output impedance has a low-reactive 
component, providing minimum aberrations to signals 
delivered to reactive loads or at the end of unterminated 
cables. This allows the user to take advanage of the full 
30-V signal swing, even with 6-ns rise time pulses, to 
drive MOS circuitry or to observe the large-signal tran- 
sient response of linear circuits. 

Not all pulse generator applications call for fast-rise 
pulses. The variable rise- and fall-time feature of the 
FG 504 facilitates testing of circuit parameters such as 
amplifier slew rate or comparator response time. 

Most of the logic families now in use have a linear 
region in the middle of their swing. Observation of the 
effects of traversing this region is made easier with 
longer transition times on the input signal. In the FG 
504, the rise and fall times of the square wave are ad- 
justable from 10 ns to 100 ms. 

Finally — independence means versatility 

A major way of insuring the versatility of the FG 504 
was to make the features as independent as possible. For 
example, the sweep operates independent of the other 
sections, so it can be used to trigger or gate the func- 
tion generator. 

By taking advantage of the l-V to 10-V trigger level on 
the input and using the triggered sweep with the FG 504 
in the triggered mode, the user has a simple delay gen- 
erator. Delay times from 10 ^s to 100 s are possible. 

Using the free-running sweep as the gating signal, 
the user can have a free-running burst generator with 
either single-frequency bursts (sweep width set to zero) 
or swept bursts. An external signal can be used to trig- 
ger swept bursts. 

The FG 504 is currently available as a stand-alone 
unit, complete with mainframe and power supply; or 
as part of a measurement system comprising other TM 
500 modular instruments. §§ 



15 






Ron Lang 

A new low-cost 
500 MHz probe 




M any of us take for granted that an oscilloscope display is an accurate rep- 
resentation of a circuit waveform. This is not necessarily true. An 
oscilloscope has an input impedance of typically 1 Mo paralleled by 15 to 
20 pF. A probe of some sort usually is used to extend the input of the scope to 
the circuit under test. There is also a certain resistance and capacitance 
associated with the probe. When the probe is connected to the oscilloscope, 
an overall impedance of the probe /oscilloscope system is presented to the 
circuit being measured. This loading of the circuit under test can appreciably 
alter the signal to be measured, as evidenced by the photo in figure 1. 

There are three main characteristics of a probe that determine its ability 
to couple the signal to the oscilloscope without altering it: input resistance, 
input capacitance, and bandwidth. The input resistance should be high 
enough to prevent changing the signal amplitude; input capacitance should 
be low enough to have negligible effect on signal rise time; and bandwidth 
should be wide enough to faithfully reproduce the signal waveshape. 

An active probe is best-suited to meet all of these requirements. For exam- 
ple, the new P6202 FET probe has an input impedance of 10 Mo and 2 pF, 
and a bandwidth of dc to 500 MHz. Let's compare 
this with the typical passive 






probe having an input impedance of 9 Mfi and 12 pF, and a 
bandwidth of 250 MHz or less, and see how each affects the signal 
under test. 

Figure 3 shows the equivalent circuit of a passive probe and scope. The RC 
time constant of the sum of the probe-head 9 -Mq resistor and 12-pF capacitor 
must equal the time constant of the sum of the probe-cable capacitance, the 
compensating capacitor (which is adjusted to compensate for different scope 
input capacitances), the scope input capacitance, and scope input resistance. 
The probe, when properly compensated to match the scope input C, then 
forms a 10:1 voltage divider for dc, with the 9-Mn probe resistance, and 
1 -Mq scope resistance; and a compensated ac voltage divider with the 12 pF 
of the probe capacitance, and the cable capacitance plus the scope capacitance. 

But now look at the FET probe/oscilloscope equivalent circuit. It is 10 Mft 
and 2 pF. The FET probe has a 50-ft line driver, which isolates the probe- 
cable capacitance and oscilloscope 1 -Mq, 20-pF input, from the probe tip. 
The input of the probe is actually a FET stage; it presents a high input 
resistance, 10 Ml). The low capacitance, 2 pF, is due to the short distance from 
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100 k 




Fig. 1. The lower waveform shows the rise lime of a circuit as 
measured using a passive probe with 10 pF input capacitance. The 
upper waveform shows the result using an active FET probe with 
less than 2 pF input capacitance. 




TYPICAL SCOPE INPUT 



12 pF 




PASSIVE PROBE 

RESISTANCE AND CAPACITANCE 



= 2pF 




Fig. 2. Typical input resistance and capacitance of a scope, passive 
probe, and FE E probe. Both probes provide 10 X attenuation. 




PASSIVE PROBE AND FET PROBE AND 

SCOPE EQUIVALENT SCOPE EQUIVALENT 



Fig. 3. Equivalent input resistance and capacitance of (a) passive 
probe and scope, and (b) FET probe and scope. 



10 M 



1 M 



100 k 



O 

s 



1 k 



100 

0 100 200 300 400 500 
Frequency (MHz) 

Fig. 4. Input impedance versus frequency for a P6054A pas- 
sive probe, and an active FET probe. R p of the FET probe 
remains essentially constant throughout its bandpass. 




Frequency (MHz) 





Fig. 5. Equivalent of (a) passive probe and scope, and (b) FET 
probe and scope applied to a fast-rise pulse generator. 




Fig. 6. Change in output amplitude of 100-MHz signal is greater 
with passive probe than with FET probe due to reactive elements 
in probe. Equivalent circuit (c) is with passive probe, and (d) is 
with FET probe. 
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the probe tip to the FET, plus the low input capaci- 
tance of the FET. The FET drives a 50-0 line-driver 
stage that drives the cable from the probe head to the 
compensation box. The compensation box contains the 
output amplifiers, dc offset controls, and a switch to 
“switch out" the 50 O load if the scope input is 50 Q 
instead of a high impedance. 

Figure 4 shows the effects of input resistance, R pP and 
input capacitance, X p , versus frequency, for a passive 
probe and a FET probe. The passive probe R p falls to 
about 350 a at 100 MHz; X p is about 120 Q at 1 00 MHz. 
The R p of the FET probe remains fairly constant 
throughout the frequency range and is high enough in 
resistance to not enter into the circuit-loading calcula- 
tions. The X p is 800 Q at 100 MHz. 

Assuming a circuit source impedance of 8 n and 
20 pF, consider rise time and amplitude effects of a pas- 
sive probe and a FET probe on the circuit. See figure 5. 
In a pulse circuit, the t r of the circuit is: 



t r circuit = 2.2 RG Assume t r of pulse is 0 

= 2.2 x 8 x 20 pF 
= 0.35 ns 

With the passive probe attached, the t rpp is: 

t rpp = 2.2 x 8 x 34 pF t rpp = t r of circuit 

= 0.6 ns with passive probe 

With the FET probe attached, the t rFeT is: 

t rFfT = 2.2 x 8 x 22 pF t rFET = t r of circuit 

” 0.39 ns with FET probe 



tf PP — ^ circuit 
t r circuit 



x 100 - 



0.6 ns — 0.35 ns 
0.35 ns 



x 100 = 71% 



- t r circuit 



. circuit 



x 100 



0.39 ns — 0.35 ns 



With the passive probe there is a 71% change in rise 
time due to the input C of 14 pF, but only an 11% 
change with the FET probe due to the lower input C 
of 2 pF. 

Now consider the amplitude effects with the passive 
and active probes. When the passive probe is attached 
to the circuit (see figure 6 (a) ) , it presents an impe- 
dance of the R p and X p at 100 MHz. Ignoring the phase 
angle because it is small, the equivalent circuit looks 
like figure 6 (c) . The waveform presented to the scope 
E x 89 

is then, W+J = °* 92E ’ an 8% diange - 

Now consider the FET probe attached to the same 
circuit (see figure 6 (b) ) . The X p is equal to 800 O at 
100 MHz. The equivalent circuit with the probe at- 
E x 800 

tached is as figure 6 (d) , — — 0.99E, a 1% change. 

oUo 

The higher input impedance of the FET probe has 
a smaller effect on t r and amplitude. 



FET probe advantages 

The first advantage of a FET probe, then, is very low 
input capacitance and very high input resistance, re- 
sulting in less circuit loading and truer signal repre- 
sentation. 

The FET probe has an active input that provides 
low input capacitance and a higher frequency response 
than a passive probe. The frequency response of the 
P6202 FET probe is dc to 500 MHz {-3dB} . 

The P6202 also has dc offset capabilities. This means 
that any dc voltage up to ±55 volts can be offset w ithout 
any degrading of the probe response. The advantage is 
to measure a small ac voltage on a large dc component, 
at the full bandpass capabilities of the probe. A switch 
on the compensation box allows the tic offset to be 
switched in or out. 

Another switch on the output connector of the com- 
pensation box allows the probe to be used with either 
50-0 or high-impedance inputs. When used with a 50-0 
input, the 50-0 load in the output of the probe is 
switched out. When using high-impedance inputs, the 
50-n load is switched in. 

A built-in power supply allows the P6202 to be used 
on any instrumentation, including counters, without 
having an external power supply or accessory power 
available. It can be used with 1 15 or 230 VAC, 50 to 60 
Hz power sources. 

Optional accessories are a slip-on ac coupling cap to 
block unwanted dc components (above the 55 volts of 
dc offset) , and a slip-on I0X attenuator to make the 
input 100 times attenuation, still at 10-Mo and 2-pF 
input impedance. 

Summary 

The new low-cost P6202 FET probe offers several ad- 
vantages over the passive probe for many applications: 
wide bandwidth, very low input capacitance, high 
input resistance, dc offset, usable with either 50 o or 
high impedance inputs. 

Small and rugged, the P6202 can get into tight places 
and yet stand the rigors ol production and testing. 

The 0 to ±6 volt dynamic range and ±55 volt offset 
capability make this low-cost probe applicable to a 
diversity of measurement needs. The optional 10X at- 
tenuator and ac coupling heads extend the operating 
range of the P6202 still further. 

The P6202 includes a BNC connector that provides 
scale readout on the I OX mode to instruments having 
readout capability, yet maintains compatibility with 
non-readou t ins tr u men ts. m 
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New Products 
New Products 
New Products 




670A Picture Monitors 

The new f>70A Series consists of precision color picture 
monitors for NTSC and PAL Television standards. The 
series uses a 17-inch Triniton to present a picture whose 
sharpness is enhanced by a new feature — variable aper- 
ture control. The monitors are factory set for an accur- 
ate white balance at Dfi500°, however, you may choose 
to adjust to your own standards. 

Consistency between TEKTRONIX Monitors is a 
major benefit. In the 670A Series consistency is achieved 
through use of the si mple- to-con verge Trinitron, ex- 
cellent clamp stability, and a highly regulated EHT. 
Less than 1% change in raster size will occur with large 
APL changes, and blanking and black level are ex- 
tremely stable, too. 

Individual lines in the vertical interval can be ex- 
amined in detail using the expanded vertical delay 
mode. Horizontal delay is also provided. The 670A 
features inputs isolated from ground, eliminating the 
need for special hum-bucking transformers. Optional 
outputs are available that take advantage of the pre- 
cision decoding circuits of this monitor series, to pro- 
vide an accurate vectorscope display using a low-cost 
x-y monitor. The monitors are compact, requiring only 
15.75 inches of rack space. 

1405 Television Sideband Adapter 

The 1405 Television Sideband Adapter is used with a 
spectrum analyzer, such as the 7L12 or 7L13, to analyze 
the sideband response of a television transmitter. 

Connected to the 7L12 or 7L13, the 1405 generates a 
composite-video signal, the picture portion of which is 
a constant-amplitude sine wave signal that sweeps from 
15-0-15 MHz. When this signal is used to modulate the 
TV transmitter, the sideband response of the transmit- 
ter will be displayed on the spectrum analyzer. 




1 — r 1 — *«»■ - k 

ft -f-- • e jpi 

i « • Q © 



The 1405/Spectrum Analyzer combination can be 
used to display the frequency-response characteristics of 
RF and IF stages of any VHF or UHF transmitter used 
today in the world. Six crystal marker positions are 
provided. 

In addition to sideband testing, typically done in a 
TV station once a week, the 1405/Spectrum Analyzer 
combination can perform the following tests: log ampli- 
tude display of sideband response, in-service testing, 
spectrum analysis of the transmitter, differential gain 
measurements, aural transmitter deviation, antenna 
VSWR (with directional coupler) , baseband response, 
and complete loop testing including STL. 




1410 Series NTSC Generators 



The new 1410 Series of NTSC Sync Pulse and Test Sig- 
nal Generators are high-performance instruments offer- 
ing all the advantages of modularity, at prices generally 
associated with units of single-piece construction. To 
suit your specific needs, you may choose from a wide 
selection of sync-pulse and test-signal generator func- 
tions to be combined with the mainframe providing 
the color standard of your choice. Should you develop 
additional test-signal requirements in the future, plug- 
in card construction insures a quick and easy retrofit for 
you. Any combination of five test-signal generator mod- 
ules driven by one sync-pulse generator is feasible. 

The Sync Pulse Modules and the Test Signal Modules 
plug vertically onto the 1410 Mainframe interface 
board. Front-panel controls and switches are mounted 
on the module with easily-removable extenders pro- 
jecting through the front panels. Available modules 
include three sync-pulse generators, a color-bars gener- 
ator, a convergence pattern generator, a linearity signal 
generator, and a VI RS/ Black Burst generator. 



1470 and 1474 CCTV Signal Generators 

Two new* signal generators, the 1470 and 1474, are de- 
signed specifically to economically meet the needs of 
CCTV operations. 

The first generator, the 1470 CCTV Color Sync and 
Test Signal Generator is a compact, economical unit 
designed to provide gen-lock sync plus a selection of 
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high-quality lull-field test signals. Among the sync and 
timing features of the 1470 is the ability to color gen- 
lock to composite video from all normal sources, in- 
cluding most helical scan video tape recorders. (When 
gen-lock operation is not required additional savings 
will be gained by ordering Option 1.) 

The second generator, the 1474 CCTV Color Sync 
Generator, has the performance features of the 1470 
but does not produce test signals. 

Sync pulse generation 

The sync pulse functions of the 1470 and 1474, like 
those of other TEKTRONIX generators, are of broad- 
cast quality. These generators can operate as master 
sync generators or as units fully or partially timed from 
external sources. Color gen lock of the highest quality 
is a standard feature. 

Front-panel push button selection of external sub- 
carrier and sync is provided for your convenience. If 
external subcarrier is lost, the 1470 and 1474 start 
monochrome operation automatically and a warning 
light appears. 

Test signals 

Push-button selection of test signals in the 1470 simpli- 
fies your testing operations. When you select color bars, 
multiburst, convergence, or window; each test-signal 
push button used cancels any other test signal selection. 
To make a linearity test with a staircase signal, you use 
only two buttons: Subcarrier on/off and high, low or 
medium APL. For flat-field testing the 1470 has the 
unique ability to produce red, green or blue signals to 
simplify color picture monitor adjustment by eliminat- 
ing the need to turn beams on and off. Flat-field white 
is produced by depressing all three buttons. Yellow, 
cyan, or magenta fields are available by just depressing 
two of the three buttons. Each test signal is of the high- 
est standards of the industry, providing essentially aber- 
ration-free transitions and accurate, flat levels. 



AM 511 CATV Preamplifier 

The AM 511 CATV Preamplifier is a TM 500 Series 
plug-in unit designed to operate as an accessory for the 
7L12 and 7LI3 Spectrum Analyzers. It is particularly 
useful for measuring-signal-to noise, radiation, and field 
intensity to FCC specifications on CATV, television, 
and FM installations. Other uses include radio-system 



servicing and measurements, as well as increasing sen- 
sitivity for EMI measurements within the 30- to 890- 
MHz frequency range. 

The AM 511 is also an excellent amplifier for use 
with any wideband scope such as the 475 or 485, or with 
the 7A16 or 7A19 where low-noise nanovolt sensitivity 
is desired. 

Input impedance is 75 ft. Reference level is calibrated 
in 1-dB steps from +79 dBmV to 0 dBmV. Intermodula- 
tion distortion is at least 70 dB down. VSWR is 2: 1. 













1480 Option 6 Waveform Monitor 

The 1480R Option fi is a high-performance television 
waveform monitor designed for use in your television 
operating center or by your field service force. Option 6 
is especially designed for measurements in long-dis- 
tance, video transmission systems using 124-ft balanced 
lines. Self-normalizing WECO-style input jacks allow 
this instrument to operate in a 75-ft system without ex- 
ternally terminating the ring input. With these features 
the 1480R Option fi has been designed to operate in 
either a 124-ft balanced or 75-ft unbalanced system. 

Vertical sensitivity, with automatic bandpass limit- 
ing, has been increased to 0.05 volts full scale for making 
differential phase and gain measurements with Bell 
Kelley or Telemet Test Sets. A 5- to 12-second, variable 
sweep has been added to measure low-frequency distor- 
tions and system bounce caused by large APL changes 
in the video signal. 
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6 Counter and oscilloscope combination makes 
difficult measurements. 

Selective counter measurements are easy lo make using 
an oscilloscope with delaying sweep and dual trace alge- 
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1 1 Testing three-terminal regulators with a curve 
tracer. 
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need for performing short run incoming inspection tests, 
circuit design, or device characterization of three-termi- 
nal regulators. 

M Tektronix products get dirty, too! 

Part II describes "dry cleaning” techniques for those 
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A big step forward for 
direct-view storage 





S tate of the arc direct-view storage takes a big step 
forward with the introduction of the TEK- 
TRONIX 7834 Storage Okiiloscojie* Up to now the 
maximum stored writing speed has been 1000 cin/; A s in 
the 7033 plug-in oscilloscope and 1350 cni//ts in the 466 
portable. Both ate 100 MH* instruments. 

The new writing speed mark is 2500 cm/us. and it's 
coupled with 400 MHz bandwidth in the new 7834. 
This means you can now capture a 3.5 cm high, single- 
event rise time ot 1 . 1 ns. 

T he 7831 is a general-purpose laboratory 7 oscilloscope 
with all of the synergistic measurement power pro- 
duced by the four plug-in capability of the 7000 Series. 
For example, real time and Spectrum analyzer plug-ins 
( an l>c housed to simultaneously present both time and 
frequency domain displays lor a given signal. Using the 
7834's variable persistence storage mode, a steady dis- 
play of the time domain can be viewed while observing 
slow changes in the spectral content. Tn another con- 
figuration, logic analyzer and real time plug-ins can 
be combined to zero in on a logic fault and then dis- 
play that iault in real time, even though it may occur 
only once. 



Multimode storage 

The 78.34 features multimode storage- bistable, varia- 
ble j insistence, and last modes for each, pioneered in 
U- the 7623 a few short veal s ago. 

The bistable storage-display is characterized by having 
two intensity levels— die stored image intensity and the 
background level. There are two such modes: BISTA- 
BLE and FAST BIST AIU.K. l he chief advantage of 
both of these modes is long view-time. Ome an image is 
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stored, it can be viewed for an extended period. The 
BISTABLE inode is the simplest <>f all to use. with no 
adjustments for storage sensitivity other than the in- 
tensity < oiltroli Also, with a high rcsisunce to blooming, 
this mode is unsurpassed for storing extremely low- 
frequem y events that require a slow moving spot on the 
ert: This mode, therefore, can rapture waveforms with 
extreme differences in s|K>t movement speed. The chief 
limitation is writing s|>eed. I he FAS!' BISTABLE 
mode also is resistant to blooming and overcomes the 
low writing-speed limitation. It is the second fastest 
mode oi the instrument, with a writing speed of 350 
cro/jiS in reduced scan, and is useful In capturing single 
shot information. 

Variable-persistence storage displays are character- 






Fig. 2. KJeciron gun itructtrro of the 7834 ruthtxie ray lube. T he 
vertical deflection structure, with the shield removed, is shown 
below the vcuical deflection |x>rrion of ihc gun. 



Gated or Free Run readout selection is located on the 
front panel. This feature is especially convenient when 
switching; between storage (where Gated is often used) 
and non-storage operation (where Free Rim is typically 
more desirable). Previously, the Gated/ Free Run sw itch 
had l>een located inside the mainframe, requiring re- 
moval of a sidecovcr to i h.mgc* modes. 

Fast X-Y storage is possible in Lhe 7834 because of a 
hori/ontal-mode selector switch and the availability of 
two horizon ft?l plug-in corn part men w. Previously, X-\ 
storage was possible only in the slower, or non-transfer, 
storage modes. 

Cathode ray tube 

Much of the 78.H J\s advanced performance is achieved 
through extending the capabilities of the cathode-ray 
tube (m) to provide multi-mode storage. Both bistable 
and variable persistence designs are incor]>orated into 
the a t. hi addition, a new focusing structure and im- 
proved electron-gun design are used to reach the high 
stored writing-rate. Further, a more sensitive deflection 
\\stem was needed to reach the 400- M 1 1/ design goal for 
die vertical system passband. 

In designing the ert, we built upon the experience 
gained with the 7033 transfer-storage tube. Transfer 
storage is the technique whereby two storage meshes are 
used to capture and display information, especially fast 
transients. 

The writing beam stores an image on a highly sensi- 
tive short-view-time target. The image is then trans- 
ferred to the second storage mesh, which has lower sen- 
sitivity hut much longer view times. 'This second mesh 




Fig. 3. A cutaway of lhe from portion of the 7834 cathode ray tube, 
showing the rhree-mesh structure used to achiese transfer siorage. 

can be operated in either a bistable or a variable per- 
sistence mode. 1 

A number of performance improvements were re- 
quired of the ert to be suitable for a 400-MHz storage 
oscillosco|>e. These include both improved gun design 
and storage uniformity. 

The gun design changes include a traveling- wave 
deflection system similar to that used in the TEK- 
TRONIX 790*1 Oscilloscope, the deflection sensitivity 
is improved to 1.7 V/ahj kV (a 50% improvement over 
the 763.1 ert). To obtain a faster stored writing sjjeed, 
an improved gun system was designed to deliver greater 
charge density to the target. The gun voltage was in- 
creased to improve the secondary-emission yield at the 
target and to reduce the space chaigc spreading of the 
writing beam. Independent X- and Y- focusing systems 
were designed, together with a vertical-only scan ex- 
pansion lens, to obtain the required vertical-deflection 
sensitivity. The new focusing system results in improved 
trace width for the same beam current. More sensitive 
horizontal plates were designed to help in obtaining 
faster sweep speeds. An overall improvement in girrt 
performance of 3.$ times was realized. 

Additional gain in writing speed was obtained by 
improving die background uniformity of the display. 
Since a trace that will store on one part of the target may 
not store on another part, the writing speed specifica- 
tions are quoted for the slowest portion of the target 
within the display area. To this end. the flood-gun col- 
liination system was computer designed to improve 
landing < harac {eristics ami consequently improve bat k 
ground uniformity. This typically reduced the ratio 
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between reduced scan and full scan variable persistence 
writing speeds (torn 8: l to 6: 1 . Some performance gains 
over ihc previous fast-storage m used in the 7633 are 
shown in Figure 1. This shows the typical writing speed 
expressed as tracewidths/secoml as a function of In- 
tensity for the two fastest storage nuxles (variable in- 
sistence fast and bistable fast, in reduced scan) . 'The re- 
duced-scan mode of operation typically results in an 
eight-limes improvement in writing speed over the full 
scan o|>eratiun, due to the increased gun voltage and 
the reduced effec t of target uniformity on writing 
speed. In the fastest mode, the writing s[>eed approaches 
101 1 trace widths /second. This compares with the photo- 
graphic writing speed of the 7901. These stored traces 
arc viewable for tens of seconds and are easily photo- 
graphed. 

Writing speed 

Unless someone is very* familiar with storage terminolo- 
gy, a writing speed specification may not l>e very mean- 
ingful except in a relative sense, where one storage 
oscilloscope is better than another. Therefore, a review 
of some basic storage concepts will better relate what 
the high performance of the 7834 does for your measure- 
ment needs. Writing speed is defined as the highest rate 
uf sjxit movement on the ert lace that will leave liehind 
j stored image. .Spot movement that is faster than writ- 
ing speed will not leave an image, resulting in step re- 
sponse ri i ^ j > I ;i \ With no VC* i i« al edge, or sine w 
displays with the center missing. : 

To l>e more precise, writing speed can be related to 
common waveforms by the equations: 

(1) \ys = T £A 

(2) vvs = M 

* r 

Equation (l) is for a sine wave of frequency, f, in mega- 
hertz, and peak-to-peak amplitude, A, in centimeters, 
yielding writing speed in c iu/^s. Thus, a writing speed 
of 2500 cm/zts will store a 250 MH/ sinewave with 3.2 
cm peak-to-peak amplitude. 

Equation (2) describes writing speed in terms of the 
vertic al edge of a puke <>r step i espouse. The value of k 
ranges from 0.8 lor a linear ramp, to 2.2 for a single pole 
re response. A value of 1.0 applies to a Gaussian or typi- 
cal step response. T, is the 10-90% rise time in /* and A 
is the amplitude in c in, to yield writing speed in cm//*. 
Thus, a writing speed of 2500 cfiifo $ will store a 2.5 cm 
Gaussian step resj>oiise with l-ffs rise time. 

The 7831 achieves its maximum specified writing 
speed of 2500 cm//* in .I reduced saifl mode, with 045 
< m divisions. Writing speed in divisions is calculated by 
dividing by 0.15: thus, a 3.2-cm sine wave will lx: 7.1 
divisions peak-to-peak. In these relationships, hoi i/on* 
t.d movement is not taken into account. However, foi 
beam movement of more than three vertical divisions 
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INTENSITY 

Fig. 4. Refat he performance of die 7834 and 7(533 Storage Oscillo- 
scopes are shown in thi* graph of «iored writing speed a* a hint 
lion of Intensity level senmg. 

for every horizontal division, the effect of horizontal 
movement is U-ns than five percent, and can usually be 
neglected. 

General design features 

Construction of the 7834 is much like the modular 
770! A. The {instrument is divided into two main mod- 
ules that may lx* easily separated for ease of service. Like 
other 7000 Series four-plug-in mainframes, the 7834 has 
a high efficiency power supply. This supply runs cooler 
and is much lighter than a conventional regulated sup- 
ply. It is also move immune to electro-magnetic inter- 
ference through the power line. The 7834 circuitry is 
highly protected from overloads such as a spurious short 
between various c i 1 elec nodes. 
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Counter and oscilloscope 
combination makes 
difficult measurements 



M cxlern electron it counters are versatile, accurate instruments used in a 
wide variety ol applications. However, many measurements are diffi- 
cult or even inijHmible to make with conventional counters. Here are a feu 
examples: 



PERIOD OF INTEREST K 



nruin 



H WIDTH OF INTEREST 




TIME INTERVAL OF INTEREST- 



ITJULTL 



FREQUENCY OF INTEREST 



FREQUENCY IN A "CHIRP'’ 




\AnniDW 








Fi«. 1. A counter ami oscilloscope set up 1 6 measure the width of 
(lie elevated pulse displayed on the oscilloscope m. 



In each example, the counter s trigger circuits can- 
not discriminate between the part of the waveform of 
interest and the part not of interest. 

A few counters offer input gating that allows the in- 
put signal channel ol the counter to l>e gated on and oil 
with an external gate or control signal. This makes most 
of these difficult measurements possible; however, the 
appropriate gating signal is rarely conveniently avail- 
able. A lew counters oiler Variable Hold-Ofr or Delay, 
which introduces a variable delay in the Time Interval 
mode, between when Channel A triggers and Channel 
11 is permitted to uiggei. This feature also makes some 
of tlie.se difficult measurements possible, but it can only 
l>e used in the Time Interval mode, and the approxi- 
mate amount of delay required must lie known. 

Almost all of these difficult measurements can, of 
course, be made directly with an oscilloscope, but not 
with the same degree of accuracy a counter offers. 

Counter and oscilloscope 

A counter and an oscilloscope can lx? combined into 
a powerful measurement tool that can conveniently 
make these otherwise difficult or even impossible meas- 
urements. With the technique to be described, the 
counter can be made to measure any selected portion 
of the waveform displayed on the oscilloscope. Thus, 

the flexibility and visual verilication offered bv an 

/ " / 

oscil loscope is combined with the accuracy of a counter. 

Tire technique involves summing or algebraically 
adding the portion of die waveform of interest with a 
pulse, so that the pulse creates a voltage pedestal upon 
which the portion of interest rides. With a portion of 
the waveform elevated, the counter’s trigger threshold 



VERTICAL SIGNAL OUTPUT 



Mainframes 


Bandwidth 


Amplitude 


7900 Series 


140 MHz with 7A24 
or 7A26 

75 MHz with 7A18 


500 mV/div Into 1 MU 
25 mV/div into 50 ft 


7700 Series 


70 MHz with 7A24 
or 7A26 

55 MHz with 7A18 


500 mV/div into 1 MS! 
25 mV/dlv into 50 52 


7600 Series 


75 MHz with 7A18 


500 mV/div into 1 Mft 
25 mV/div into 50 ft 


7503/7504 


55 MHz with 7A12 


500 mV/div into 1 MU 
25 mV/div Into 50 8 


7313/R7313 


20 MHz with 7A18 


500 mV/dlv into 1 M52 
25 mV/dlv into 50 52 


549 


>5 MHz with 1A1 


1 .5 V/div Into 1 Mft 


544/546/547/ 

RM544/RM546/ 

RM547 


15 MHz with 1A1 


300 mV/div into 1 Mft 


535A/R535 


5 MHz with 1A1 


1 .5 V/div into 1 Mft 


545A/B/ 

RM545A/B 


~ 20 MHz with 1A1 


1.2 V/div into 1 M52 



Fig. 2. TEKTRONIX oscilloscopes Having delayed gate ami verti- 
cal signal output* suitable for this application. 



(triggering level) can be set so that the counter triggers 
only on the desired portion. 

If a Dual-Trace, Delayed Sweep Oscilloscope with a 
Vertical Signal Output and a Delayed Gate Output is 
used in conjunction with the counter, no other equip- 
ment is required. The Delayed Gate serves as the neces- 
sary pulse, the Dual-Trace Amplifier performs the sum- 
ming function, and the Vertical Signal Output (a wave- 
form identical to that displayed on the ert of the oscil- 
loscope) is connected the input of the counter. Figure 
I shows a TfiU.I Mainframe, 7AI8 Dual-Trace? Amplifier, 
7 1158 A Delayed Sweep Time Base, and DC 505A Uni- 
versal Counter/ Timer in the described configuration. 
Figure 2 is a chart of TEKTRONIX Oscilloscopes with 
the necessary combination til features, and the band- 
width and amplitude of the Vertical Signal Outputs. 

Making the measurement 

The waveform, a portion of whic h is to. he measured, is 
connected to Channel I vertical input ol the oscillo- 
scope and the controls are set for a stable display ap- 
proximately two divisions in amplitude, The wide 
range of input amplitudes a laboratory oscilloscope can 
accept offers the added advantage of signal condition- 
ing. amplifying or attenuating a waveform prior to 
being connect ec I to die c ounter input. 

With the waveform portion of interest displayed on- 
screen, the oscilloscope’s Horizontal Mode switch is 
placed in the Intensified mode and die brightened por- 
tion of the trace is adjusted to intensify the portion of 
interest. The Delayed Gate Output, a pulse whose 
width and position relative to the oscilloscope trigger 
point is identical to the intensified portion of the trace. 






Is then I'ontiet led 10 Channel 2 vertical input, The Vcr- 
liud Mode switch is set to Channel 2 and the controls 
adjusted for u display two divisions in amplitude. 
Swinging to the Algebraic Add mode, the two wave- 
hi rim (the delayed gate and the input waveform) will 
now he summed ami the combination will be approxi- 
mately four divisions in amplitude as in Figure I. If 
the delayed gate is positioned properly, the portion of 
the in pm waveform ol interest will be elevated approxi- 
mately two divisions* 

I lie oscilloscope** Vertical Signal Output is now 
connected to die counter nip tit and the counter's Trig- 
ger Level control is sol so the counter triggers only cm 
the elevated portion. 

Setting the counter trigger level 

11 the counter has a DC Trigger Level Output, Lite trig- 
ger level can be sei by monitoring this output with a 
DM M. selling it to the desired voltage level as read 
from the oscilloscope's m. If die counter does not have 
a DC Trigger Level Output, Lhe following technique 
w ill aid in setting the 'counter trigger level. 

The amplitude of the voltage pedestal is lowered ap- 
proximately 50% hv adjusting the oscilloscope's Chan- 
nel 2 Variable Volts Pei Division control for a display 
about rhiee divisions in amplitude. Adjusting the 
counter s Trigger Level control in die positive direction 
until the counter quits triggering, then in the negative 
direction until die counter just starts counting* or 
counts erratically, will set the counter tu trigger on the 
positive-most portion of the input waveform. Now, re- 
uiming the Channel 2 Volts per Division control to its 
original position (a four division display) will result in 
the counter triggering at the 50% point on the elevated 
portion of the waveform. This same technique can he 
used to set the counter's trigger level at other than the 
5 i K ( . po rut if d es i \ ct l . 

Counter modes 

Now let’s consider making selected pulse or cycle meas- 
urements in tile various counter inodes available. Uni- 
versal mu nters, as opposed to single function or fre- 
quent y only minuets, oiler a variety of modes such as 
Period, Width* and Time Interval, as well as Frequen- 
cy. Kach inode requires that the width of the oscillo- 
scopes delayed gate— the elevating pulse— he set a little 
dilfereiuK . 

Period 

If a period measurement i,s tu be made, the pedestal 
must be wide enough and so positioned in time that the 
entire juried of interest is elevated as shown in Figure 
X in the Period mode, the counter will trigger at ;l 
pohu on the first positive or negative going slope, 
whichever is selected, and at the same point on the fol- 
lowing dope ol die same polarity. 



Employing this technique, the Period mode can be 
used to measure frequency { F — .J ) when the frequen- 
cy varies, or when it is a burst or chirp. In the Frequency 
mode a counter measures the average input frequency 
during i he gate time. However, with this technique* 
frequency can be measured for as short a period ns one 
cycle. The linearity of a swept frequency can even be 
measured cycle by cycle* 

Width 

If a width measurement is to be made* the set-up is the 
same as for a period measurement, except that the ele- 
vating pedestal must only be wide enough to elevate 
tile width ol interest as shown in Figure 4. The counter 
in the Width mode will measure the time between a 
point on die first slope of the selected polarity and the 
same point on the following slope of the opposite 
polarity. 

Time interval 

A counter that oilers a l ime Interval mode has two 
input channels and measures the time between when 
the first channel, Channel A, triggers and the second 
channel, Channel B, triggers. The slopes and trigger 
levels for each channel tan be selected independently. 
In the Time Interval mode, Channel B is held oil (not 
permitted to trigger) until A triggers; however, Chan- 
nel II cannot normally be held of! or prevented Irom 
triggering the next time the input waveform reaches 
its trigger level, With this technique, B can be held oil 
as long as required to permit the counter to measure 
the time between any desired points on the input wave- 
lorin. I'nlike the Period and Width modes, the width 
of the pedestal or derating pulse is adjusted to be 
slightly narrower than the time interval of interest. As 
shown in Figure 5* die trigger level is set to trigger 
just as it was in the Width or Period modes* but the B 
trigger level is set below the level of the pedestal. There- 
fore* B will not trigger until the elevating pulse has 
returned to the lower level and ike input waveform 
passes ill rough the B trigger level. B ran be held oil or 
prevented from triggering ;i$ long as desired by inn cas- 
ing die width of the pedestal. 

Small variations tu pedestal width should cause no 
variation in counter reading il the pedestal is properly 
positioned. Jf the counter display varies directly with 
palest a I 'width, an erroneous reading is being obtained. 

The two input channels can be connected to a single 
waveform i>i to two separate waveforms* and :i portion 
of cithei waveform can be selected and elevated, A por- 
tion of each of two waveforms can also be elevated and 
thereby selected, however, this would require an addi- 
tional pulse and summing amplifier. 

Frequency 

Making Frequency i nea.su rerue* Jts direct 1) is not practi- 
cal using this technique because i lie counters gate and 
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Fig. S. Iii period measurement. delayed gate width must be wide 
enough 10 elevate entire period of interest. 




Fig. 6. TM 500 Serial configuration for making gated counter 
measurements with a non-delaycd sweep oscilloscope. The AM 501 
performs the summing function normally provided by the oscillo- 
scope. 




Fig. 7. The DD 501 Digital Delay simplifies trigger selection when 

Fig. 4. Delayed gate set properly for width measurement. delaying the triggering of the counter for several pulses nr cycles. 




CHANNEL A 
TRIGGER LEVEL 

SUMMATION 



CHANNEL B 

TRIGGER LEVEL 



VEL 



INPUT 

WAVEFORM 



jinxruiiLfLnjLfL 




Fig. 8. Erroneous readings can occur at some display time settings. 
Fig. 5. For time interval measurements, delayed gate is set slightly If the counter readout is erratic or ton large a number, increase 

shorter in duration than time interval to be measured. the display time with the Display Time Control. 
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the elevating pulse would have to be synchronized. 
Frequency measurements tan Ik? made, as mentioned 
earlier, in the Period inode, and, because frequency is 
the reciprocal of time, the conversion is simple. 

Averaging 

In the Period. Width, and Time Interval modes, it is 
often desirable to average to achieve the desired ac- 
curacy. If the counter offers Width Averaging and Time 
Interval Averaging, it is simply a matter of switching 
to that mode. The counter will accumulate readings in 
decade multiples and average them. No change in the 
procedure for a single Time Interval or Width measure- 
ment is necessary. For period averaging, however, an 
alteration to the technique is necessary. In period aver- 
aging, the number of jxrriods to be averaged must all 
be elevated. To average 10 periods, 10 or more succes- 
sive or continuous jrtriocls must be elevated. To average 
100 periods, 100 or more successive or continuous pe- 
riods must Ik? elevated, A larger number of averages 
can be selected, but since the purpose of this technique 
is to make a selective measurement of a small portion 
of a signal, it is unlikely that higher averaging factors 
will be commonly used in the Period mode. 

Using s non-delayed sweep oscilloscope 

If a Non- Delayed Sweep Oscilloscope is used, a separate 
pulse generator with delay, like the TEKTRONIX 
PG 505 or PC 508, must be incorporated to generate the 
necessary pulse. The puhe generator must have delay 
so its output can l>e positioned in time relative to the 
input waveform, 

Jf the oscilloscope does not have an Algebraic Add 
mode, a separate amplifier like the AM 501 can be in- 
corporated to serve this function. 

The TM 500 product line provides an ideal solution 
to the problem. Figure <i is a diagram showing the 
SC 502 Non-Delaying Sweep Oscilloscope. PC 505 Pulse 
Generator, AM 501 Amplifier, and either the DC 5051 
or DC: 505A Universal Counter/Timer with the ap- 
propriate interconnections in the TM 500 Mainframe. 
This particular system is usable from dc to between 
50 kHz and KK) kH/ t limited by summing amplifier 
bandwidth and pulse generator rise times. 

Digital delay 

When it is necessary to delay the triggering of die count- 
er for a large number of pulses or cycles, it can become 
impractical due to the limited resolution offered by the 
ert of an oscilloscope, even with a magnifier. For ex- 
ample, it would he almost impossible to position the 
pulse or |x?<lestal on the one thousandth input puUe 
to measure its period, width, or time interval. Even 
with a times ten magnifier, there would be ten input 
pulses or cycles per division on die cn. The DD 501 
Digital Delay solves this problem. It ran delay by up 



to one hundred thousand events and generate a trig- 
ger at the selected number of events* 

When the DD 501 is used with this technique, it is 
connected as shown in Figure 7. The input signal is 
connected to the DD 501 Start and Events inputs and 
the input of the oscilloscope. The output of the Digital 
Delay is connected to the External Trigger input of the 
oscilloscope, and the appropriate number of events, 
pulses, or cycles to be delayed is dialed up on the DD 501 
front panel* The counter is driven by the summed 
pedestal and signal from the scope vertical output or by 
a separate summing amplifier. When the selected num- 
ber of events takes place, the DD 501 puts out a trigger 
that triggers die scope and the delayed gate. A faster 
oscilloscope sweep speed can now be used, which offers 
enough resolution to position the elevating pulse. 

If it is necessary to delay by time, the counters time 
base output can be con net ted to the DD 501 input. The 
counter's time base acts as a clock that the DD 501 
counts. 

Erroneous reading 

Some ranges of input repetition rates can cause an os- 
cilloscope to trigger on different pulses on each sweep, 
however, this can be corrected with Trigger Hokl-off if 
the oscilloscope has this feature, or with the Variable 
Time Per Division if it does not. In either case the basic 
repetition rate of the oscilloscope's sweep generator is 
changed so that the osc jlloscojje triggers at the same 
point or on the tame pulse for each sweep. With the 
technique described in this note, it is possible to have 
essentially the same problem with a counter. The 
counter has a measurement cycle time or repetition rate 
which is determined by the length of time it takes to 
make the measurement, plus the display time. As shown 
in the period measurement in Figured, if the counter's 
measurement cycle time results in the display time end- 
ing in the middle of the fieriod to be measured, an er- 
roneous peri oil measurement results. Ami the same 
tiling tun occur in the Width or Time Interval modes. 
‘The indication is an erratic reading or a reading that 
is loo large. The fourth waveform from die top in Fig- 
ure H shows an erroneous, too long, period. To correct 
the problem, the counter's display time is increased 
with the Display Time Goutml as shown in Figure 8. 
The counter now has a slower repetition rate or longer 
measurement cycle time and does not reset in die mid- 
dle of the period, width, or time interval to be measured. 

n 
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The 577/178 
(June Tra^' 
wiih a Three* 

1 (.rumial 
Regulator I esi 
unii installed. 



T 1 he increasing 

costol on-board q 
three* ten n in a i reg* 
u la tors has created 
a need Lor a last and 
easy means of test- 
ing these devices. 

Many of you al- 
ready possess that 1 

capability and may fc) 

not realize it. 

The Tektronix V 
577- 1) 1 Storage Curve 
Tracer and 178 Linear 
IC Test Fixture provide 
the basic capability. All you 
need to aiUd is the Three-Ter- 
minal Regulator Test Unit — a 
plug-in accessory for the 178 -plus 
a socket adapter lor your particular 
device, and you’re in business. It’s an 
ideal solution forshorirun inspection, cir- 
cult design, or de\ ice chai ac tcri/ation. 

The Regulator Test Unit comes in two. simi- 
lar models -one wired for negative regulator de* ^ 
vices and one lor positive units. Fa< h slides into the 
178, which is itself a slide-in module for the 577. A 
snap on esctiicheon plate custoini/cs the 178 function 
switch to either positive or negative test units. 
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regulates tire supply voltages and provides the function 
selector switch, which sets up the internal circuits for 
the appropriate tests. The 178 also has provision to 
sweep the input supply voltages at a selected rate and 
amplitude Tor line regulation and other tests. 

Four basic tests art three-terminal regulators ran be 
performed on the 577/178: load regulation, line regu- 
lation, quiescenL or common current, and dropout volt- 
age. A fifth test, ripple rejection, ran also be performed, 
depending on how' it is specified. The devices can be 
tested over an input range of 0 to fit) volts, with load 
currents up to 2 amperes (pulsed). 

Load regulation 

Load regulation is the change in regulator output volt- 
age over the specified range of load current, with pro- 
vision made to keep chip temperature constant. 

This test is done on the curve tracer using the step 
generator as a current sink or variable load. The step 
generator is operated in the pulse mode to provide a 
load that is active for only a small part of the duty cycle, 
thus keeping chip dissipation low and possible tempera- 
ture rise small. 

The display in Figure l shows the change in output 
voltage (vertical axis) as the load current is stepped 
over the specified range (horizontal axis). Jn Figure 2 
the vertical sensitivity has been increased to improve 
the resolution of the measurement. The Output Volt- 
age Comparison Dial is set so the trace crosses the bot- 
tom graticule line precisely at the rated load current 
point 'Fhc change in output voltage is then easily de- 
termined by multiplying the VERT UN1TS/DIV set- 
ting by the indicated change in output voltage on the 
vertical axis. 

Line regulation 

Another important specification we need to check is 
line regulation— the change in regulator output voltage 
over a specified range of input voltage— with provisions 
made lo keep the chip tern perm u re constant. 

The curve tracer provides the necessary lest rondh 
tiom by adding a swept voltage to the input voltage 
supply, while providing a constant, short duty-cycle 
load for the output. 

fn the display ill Figure % the vertical axis represents 
regulator output voltage deviation from the compari- 
son voltage, and the horizontal axis re presents regulator 
input voltage. 

Line regulation characteristics at different values of 
load current can lie checked by setting the step genera- 
tor to step through the desired range of load currents as 
in Figured. 

Quiescent or common current 

A third characteristic often of interest to the circuit 
designer is the current used by the regulator For its in- 



ternal functioning. It is called quiescent or common 
current. The regulator test unit uses a tom in on- termi- 
nal supply to produce an artificial ground through 
which the dcvice-undcr-test quiescent current is meas- 
ured. 

The curve tracer can display quiescent current under 
-three different conditions: steady state, with constant 
load and line (input) vohage change, and with constant 
input voltage and changes in the loud. Changes in input 
voltage are provided by the sweep generator on die 178 
Linear 1C l est Fixture. Load changes are produced by 
using the 577 step generator in the current-sinking 
mode. 

The display in Figure 4 plots quiescent current on 
the vertical axis, versus load current on the horizontal. 

Dropout voltage test 

The fourth characteristic of interest that can be checked 
with the 577 Curve Tracer is dropout voltage. The 
dropout vohage test is similar to the line regulation 
test except, in this instance, we are concerned with the 
minimum input voltage at which the regulator no long- 
er regulates. Figure 5 is an illustration of the dropout 
voltage test. The input-output voltage differential at 
which the circuit ceases to regulate is dependent upon 
load current and junction tern jxira tore, and is typically 
two volts. 

Ripple refection test 

Ripple rejection tests can also be performed on the 
curve tracer as displayed in Figure 6, The supply volt- 
age is swept at a frequency just below ! 20 Hz to produce 
the display. Each trace represents a different load cur- 
rem as presen ted by the step generator. Storage is a 
necessity in achieving this display since it takes about 
a second to produce. 

Conclusion 

The 577-1)1 Storage Curve Tracer with a 178 Linear 
1C Test Fixture and Three-Terminal Regulator Test 
Unit provides a low-tost, versatile means of performing 
incoming inspection tests, drain design, or device char- 
acterization of three-terminal regulators. Most of the 
specified tests can be performed* The 577 also serves as 
a valuable analytical tool to evaluate those devices re- 
jected by highly automated incoming inspection sys- 
tems, and to analyze performance under operating con- 
ditions other Lhan those specified on the spec sheet. 1*1 
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Fig. 1. Load regulation test. Output voltage displayed vertically at 
50 mV/d iv, offset to +5V; load current displayed horizontally at 
20mA/div. 




Fig. 4. Quiescent current test. Quiescent current displayed ver- 
tically at 2 niA/diw zero current at center-screen; load current dis- 
played horizontally at 100 mA/div. 




Fig. 2. Same measurement as Fig. 1. except vertical sensitivity in- 
creased to improve resolution, and trace moved to bottom of screen 
for easier reading. 



Fig. 5. Dropout voltage test. Output voltage displayed vertically at 
10 mV/div, top trace is ofTset to 5V; input voltage displayed hori- 
zontally at 2V/div. 
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Fig. 3. Line regulation test. Output voltage displayed vertically at 
5 mV/div; input voltage displayed horizontally at 5 V/div, load 
currents are lOOiaA/step. 





Fig. 6. Ripple rejection test. Output voltage displayed vertically 
at 5 mV/div: input voltage displayed horizontally at 2V/dtv; load 
currents are 100 mA /step. Rejection is about 76 dll. 











Charkt Fit il tip 



U st a twthbrudi ii ml detergent to < lean the knobs 
amt cornier tors, anti rinse with warm water. The side 
rovers rail be removed ami, along with the bottom 
panel, be washed separately alter removing the instni- 
merit from the booth. They should Ik* placed in the 
oven to dry. Compressed, air is used to remove as much 
water as practicable from i he from panel area, and the 
instrument is then placed in the oven lor 15 to 2d 
minutes, or until you Ye ready to work oh it. 

The graticule and grain ule cover may be clamed 
as described in Part 1, A word of caution regarding the 
use of glass cleaner- some leave a static charge oil die 
graticule, which will distort the at trace tunil it bleeds 
off. Soap a hd wiuer is the best solution. 

Air fillers tail be cleaned easily with detergent and 
hot water. A d causing powder, such as Ajax, sprinkled 
on a wet filter and allowed lo soak a minute or two. will 
help on extra greasy ones, Wq tecum mend not using oil 
or filter coat on any filters as there is the possibility of 
oil getting inside the instrument. 

Cleansing cam switches 

Unless you are having problems with the cam switches 
in the instrument) we do not recommend removing the 
switch covers during the dean i tig procedure. You 
should a bo lake care not to spray detergent into ihe 
.switches. 

If a ram switch iKCtb cleaning, this can best be at* 
coni] dished by removing the switch cover and staying 
the switch with a 5% solution of Kclitc spray white 
with an equal amount ol ammonia (non-sudsing. noii- 
soapy type). The switch shoidd tfieti l>e thoroughly 
rinsed with soft or distilled water. The switch contacts 
should then Ik 1 sprayed with isopropyl alcohol, lei set 
for fid seconds, and blown out with compressed air, Oc- 
casionally operate the switch in all positions while the 
alcohol ls Milt on die contact area, and while blowing 
out the instrument. Oven dry in the usual manner. 

Cam switches need no lubrication as the switch pads 
sire designed lo operate dry for the life of the instrm 
mem. 



Part II— Dry cleaning 



I n Part I of this article we desrrilied the tools and 
tech mattes used to give your Tektronix insmmtem 
a bath, or perhaps shower ' would Ire a more appropri- 
ate term. There are limes when the customer needs 
quirk turn around on an instrument and raiiY tolerate 
the 21 -hour drying time needed lor a wet wash. In ibis 
instance, dry cleaning may serve ax a leasonahlr alter- 
native. 

The w:\shLbooth makes a convenient place to perform 
the dry cleaning operation. With t lie side and bottom 
panels removed, com pressed air and a small paint brush 
will remove most of ihe interior dust, unless the instru- 
ment has been in a greasy environment. 

To dean the front panel you should reinstall ihe 
side rovers ami lightly spray the front panel only, using 
the 5% Keiite solution and rinsing with water. Be care- 
ful not to get excess water in (be instrument. Just a 
little spray applied on an angle works best. 
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Conclusion 

Whether you wet wash or dry clean an instrument will 
he determined by how dirty the instrument is, and the 
time available to do the job. Solid state instruments can 
he washed as easily and safely as vacuum tube tyj>es. 
Precautions against spraying detergent and water di- 
rectly on power transformers and covered cam switches 
should be diligently observed. Cleaning agents such as 



trirhlorethylen.e. Freon, and others containing halo- 
gens, should not be used. They can damage aluminum 
electrolytic capacitors and some primed circuit board 
materials used in critical applications. 

It takes valuable time to properly clean an instru- 
ment. However, the improvement in maintainability 
and the increase in user satisfaction makes the invest- 
ment a worthwhile one. £5 




Fig. I. I>ave Phillips, Factory Service Center, washes a 7000-Series Oscilloscope. 
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Customer maintenance 
training classes for 77 

All classes will he conducted at. Heavernm, Oregon. 
f lit ere is no fee lor t lasses except as noted. 

AH maintenance chides teach operation, Signal flow, 
calibration, trouble Noting and repair of the repre- 
sentative instrument. A combination of lecture and Jab 
sessions me the usual format for maintenance training. 
Any presold y literature besides maintenance manuals 
will be mailed directly to you, 

7704A/7904/7633 

The 7000 varies i lasses are a combination of the 7 704 A/ 
7 9(M / 7 6 1 3 os c 1 1 1 use ( jjjcs , The j >fe req i m ire For the 79( H j 
7033 d ass is training on the 7 701 A* Class duration is two 
week?, frt st week devoted to 7 TUI A, second week devoted 
to 7901/7633, Hug-ins caught are representative of the 
most frequently purchased units with these main 
frames. 

Class dates; June 13-24, 1077 
Aug, 8-19, 1077 
Oct. 17-28, 1077 
Dec:, 5*16, 1 y77 

465/475 

The 465/475 osi illosctipes maintenance class k taught 
to ihe component lesrd of troubleshooting and repair. 
The student is encouraged to study Lite circuit descrip- 
tion portion of the req waive manual. Class duration is 
one week. 

Class Dates: June 27- July 1, 1977 
Aug. 22-26. 1977 
Oci.lbYov, 4, 1977 

5100/5400 

Idle 5 100/5 JIM) oscilloscopes are new products on the 
1977 customer training schedule. Representative plug- 
ins are selected lor these products. Class dotation is one 
iv eek. 

Class dates: July i 1-15, 1977 
Nov. ML 1977 

Logic Analyzers 

The 7001 /DF-1 logic analyser is a new product on the 
1977 customer [raining schedule. The prospective -stu- 
dent is encouraged lo study the circuit description in 
die 7D01 / DF manual. Class durat ion is cine week. 

Class date; Sep L 12- Uk 1977 



TM503/DC503/DM5G2 

TG501/PG5O1/FG5D1 

The TM500 products selected for instruction represent 
each of the major categories in die Test and Measure- 
ment area. CUass duration is one week. 

Class dates: [line 6-10, 1977 
Aug. 1-5. 1977 
Oct. 10-14, 1977 
WDI— R7912/1350 

4 lie suidem must have operational knowledge ol the 
7704 A series nsi t Host ope: he also must have saiisfar mri- 
lv completed study ot the Audio Circuit description 
training program on die R7912, This package (062- 
2708 00) is available For .SI 75.00 through t he local T ek- 
tronix field office; it should be ordered at least HO days 
prior to class pa run pa non as the subject material k 
quite lengthy, (days duration k one week. A class Fee ol 
5700 [hu student i> charged for this training. 

Class dates: Julv 1 1-15, 1977 
Oct, .1-7, 1977 
DPO— R7001/CP1151 

No customer maintenance Hasses are scheduled for 
1977. An audio circuit description training package is 
available Im $185.00 through your local IVkironix 
field .of fire. Part number (962-27074)0) 

4051/4631 

The. J051 inielltg£m terminal is a new product on ihe 
1977 customer training schedule. Tiulers landing of 
m icrnprocessoi is necC95jU y for full appreciation ol 
i lass routruL (lass duration is two weeks. 

( lass Dates: |Unc20-]uly l, 1977 
Dec. 5-16, 1977 
4010/4014/4631 

The -JO 1 0/ 1012/ 4014 / 4006 graphic display terminal 
Hass is taught to board level maiiiLcnrun e; greater 
depth, is laugh i when signal flow comcpu are necessary, 
(.lass duration None week. 

Class Dates: |unch ilk 1977 
bet. 1-7, 1977 
Nov. 7-1 U 1977 
4081/4905/4641 

1 he H)81 intelligent terminal system is a now product 
on the 1977 customer training m bed tile. Understanding 
of microcomputer and microprocessor theory is neces- 
sary for lull appreciation of class content. Class dura- 
tion is two weeks. 

Class Dates: July IN-29. 1? 17 7 

5ept. 26-Oci. 7, 1977 a^s49 



BULK RATE 
U.S, POSTAGE 

PAID 

Tektronix, Inc. 



TEKTRONIX, INC. 

P.O. BOX 500 
BEAVERTON, OR 97005 






Microwave Technology at Tektronix 

A High Performance Transportable Microwave 
Spectrum Analyzer 

Digital Storage fora Microwave Spectrum 
Analyzer 



A Phase Lock Stabilization System for 30 Hz 
Resolution at 12 GHz 

Two New Graphic Display Modules for the OEM 
System Designer 




Tfektronix 



CONTENTS 




Customer information from 
Tektronix, Inc. 

Beaverton, Oregon 97007 

Editor: Gordon Allison 



Microwave Technology at Tektronix 

Before you can build state-of-the-art microwave 
products, you must be able to build state-of- 
the-art microwave components. This requires 
both innovative people and sophisticated pro- 
cessing facilities to implement exotic microwave 
designs. 



A High Performance Transportable 
Microwave Spectrum Analyzer 

Technical innovations combined with micro- 
processor control enhance the ease and accu- 
racy with which microwave measurements can 
be made. 



Digital Storage for a Microwave 
Spectrum Analyzer 

Custom-designed LSI chips and an old 
technique for performing the divide function are 
employed to provide a versatile storage system 
for the 7L18 Microwave Spectrum Analyzer. 



A Phase Lock Stabilization System for 
30 Hz Resolution at 12 GHz 

Multiple crystal resonators, a dual phase lock 
loop, and strict attention to environmental con- 
trol yield a stability that allows 30 Hz resolution 
measurements at 12 GHz. 



Two New Graphic Display Modules for the 
OEM System Designer 

Business, engineering, science, and education 
are all looking more and more to the computer to 
solve specialized problems. The ability to inter- 
act with the system and graphically display 
words, images, or complex phenomena is vitally 
important to these applications. 




Tekscope is a bimonthly publication of Tektronix 
Inc. In it you will find articles covering the entire 
scope of Tektronix 1 products. Technical articles 
discuss what’s new in circuit and component 
design, measurement capability, and measi/^ 
men! technique. A new products section gim. _ 
brief description of products recently introduced 
and provides an opportunity to request further 
information. 

To better serve customers who maintain their 
TEKTRONIX instruments, the service informa- 
tion formerly appearing in Tekscope will be ex- 
panded and published in a publication dedicated 
to the service function. 
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The three-sphere YIG preselector in the 7L18 
provides spurious-free performance from 1.5 to 
18 GHz and allows accurate amplitude meas- 
urements while still in the signal path. 
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Some thirty years ago, when 
Tektronix started in the instrument 
business, most oscilloscopes were 
indicating devices. With the devel- 
opment of regulated power 
supplies, triggered calibrated time 
bases, and integral calibrated sig- 
nal sources, the oscilloscope was 
transformed from an indicating de- 
vice into a measurement device. 

Standard components were 
used to build the unique circuits 
designed by the engineers, and 
about the only parts fabricated by 
Tektronix were the chassis, cabi- 
nets, and front panels. 

It soon became evident that if 
oscilloscope performance was to 
continue to advance, improvement 
in the components available was es- 
sential. And so we set about design- 
ing and building better cathode 
ray tubes, developing more stable 
timing capacitors, winding highly 
reliable low- and high-voltage 
transformers, developing low reac- 
tance potentiometers for at- 
tenuators, and designing distri- 
buted terminations for wideband 
amplifiers. Special coaxial cable 
with a high resistance center con- 
ductor was conceived to stretch the 
bandpass of passive probes. And 
new devices and techniques tor 
mounting components shortened 
manufacturing times and improved 
serviceabi! itv. Innovation con- 
tinued until, today, the state-of- 
the-art oscilloscope is vastly differ- 
ent from that of thirty years ago. 

Progress in spectrum analyz- 
ers and other microwave products 
at Tektronix is following much the 
same pattern. State-of-the-art per- 
formance is being achieved through 
innovative circuit design and the 
development of new and improved 
microwave components. 

Working with frequencies 
in the microwave region requires 
special skills. Materials exhibit a 
different set of characteristics at 
gigahertz frequencies, and physical 
dimensions and surface conditions 
become important design 
considerations. 



A very capable team possess- 
ing the unique skills needed, is in- 
volved in the development of new 
microwave devices at Tektronix, 
from the concept stage through 
manufacturing and evaluation of 
the finished product. Their design 
skills are augmented by modern 
computer technology employing 
programs such as COMPACT, 

SPICE, and GLUMP— aTEK- 
developed program. 

Sophisticated processing 
facilities are required to implement 
the exotic designs of the microwave 
engineers. Precision machining, 
chemical milling and plating, ad- 
vanced thin and thick film hybrid 
technology, and integrated circuit 
design and manufacturing all 
contribute to the success of the 
effort. Innovative people in each of 
these areas regularly respond with 
unique solutions to difficult 
problems. 

Thin film technology at 
Tektronix is exemplified by the thin 
film assembly shown in figure 1 . 
Resident on the 3 " x 3" quartz 
substrate are fifty circuits, each 
containing three capacitors and two 
resistors. Metal conductors are laid 
down on the quartz substrate using 
a proprietary process which yields 
low-resistance, well-defined con- 
ductors that can be soldered, wire 
bonded, die attached, or gap 
welded. The deposited resistors are 
heat treated in a high-temperature 
bake to achieve the desired resistiv- 
ity within ± 5%. Laser trimming 
is not used as it disturbs the 
pattern-an undesirable situation 
for geometry-sensitive microwave 
devices. Passivation is performed 
using a pinhole-free organic mate- 
rial that provides a high voltage 
dielectric for the capacitors depos- 
ited on the substrate. Breakdown 
voltage is in excess of 500 volts, and 
dielectric losses at microwave fre- 
quencies are substantially less than 
can be achieved with silicon 
passivation. 

New techniques for mounting 
microw f ave substrates have also 










Fig. 1 . Thin film technology at Tektronix is 
exemplified by this 3" by 3” quartz 
substrate which contains fifty circuits, each 
consisting of three capacitors and two 
resistors. Resistors are brought to the 
desired value by hig ^temperature bake 
rather than by laser trimming. 



been developed. Microstrip (con- 
ductorabove ground plane) be- 
comes very lossy above about 8 
GHz. A suspended substrate 
technique is used that completely 
encloses the substrate with ground, 
thereby greatly reducing rf losses. 
This technique is merged with 
stripline to produce a balanced dis- 
tributed transmission medium that 
can be designed to create complex 
microwave assemblies such as mix- 
ers, amplifiers, oscillators, etc. 

Augmenting the device devel- 
opment and processing areas is a 
well equipped and competently 
staffed microwave component as- 
sembly area. Electrical perform- 
ance is directly related to tolerances 
on most mechanical parts used in 
microwave assemblies. An excellent 
example of this is the three-sphere 
YIG-tuned preselector that gives 
the 7L18 its excellent wide-band 
spurious-free calibrated perform- 
ance. YIG-tuned filters are not new; 
what is unique is the precision with 
which the elements of the filter are 
assembled, and processing of some 
of the materials. 

Optimizing frequency tracking 
between the three filter sections re- 
quires extreme care to ensure that 
the pole pieces are parallel and the 
YIG spheres are equidistant from 
the axial centerline of the pole 



pieces. Another important consid- 
eration is the orientation of the YIG 
spheres to minimize the effects of 
temperature and magnetic field 
variations. A mechanically complex 
fixture is required to attach a YIG 
sphere to a beryllia rod so the 
sphere can be rotated about the 100 
crystallographic axis. This allows 
the sphere to be rotated so the best 
possible axis, the 0, 8, 13, can be 
aligned parallel to the applied 
magnetic field. 

Other considerations such as 
minimizing spurious modes and 
coupling variations call for special 
attention to the design and orienta- 
tion of the coupling loops and cavi- 
ties associated with each sphere. 

The external waveguide mix- 
ers that allow 7L18 users to perform 
accurate measurements to 60 GHz 




Fig. 3. Advanced YIG-tuned filter design 
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?=— excellent examples of the value 
l ,ghly integrated electrical and 
mechanical design. 

The basic approach to the 
design of a high-performance 
broadband harmonic mixer is to 
\iimize the unwanted parasitic 
inductances and capacitances as- 
sociated with the mixer diode 
mounting system, and to provide as 
much rf energy as possible to the 
mixer diode. Achieving these two 
goals will result in optimum broad- 
band flatness and conversion 



"Sciency. 

^ The 7L18 s external mixers use 
a very small Schottky-barrier diode 
and tungsten ''cat's- whisker” type 
probe mounted directly across the 
high-fields region of a ridged wave- 
guide. Mixers of this type are not 
new. They were built twenty years 
ago using standard waveguide and 
older style silicon point-contact di- 
odes. The use of a tungsten “cat's- 
whisker” probe dates back even 
f her, finding wide use in devices 
a w ±ng World War II. 



New technology in the fabrica- 
tion of silicon wafers is the primary 
factor contributing to the high per- 
formance of the 7L18 waveguide 
mixers. An array of hundreds of 
4.7 (jl m diameter Schottky-barrier 
diodes on a 0.010" X 0.010" silicon 
wafer was developed by Tektronix 
specifically for use in these mixers 
(figure 5). Newly-developed metal- 
lurgical processes are used to pro- 
^^e a diode which can survive in 
-^unpackaged environment and 
withstand the pressure of the 
tungsten probe. These extremely 
small diodes and the smaller still 
(0.001" diameter) probe provide 
minimal junction capacitance and 
probe inductance, thus eliminating 
imband parasitic resonances and 
jprimizing reflections. The tip of 
the tungsten probe is etched by an 
electrochemical process to produce 
a ^ u arp but rounded tip. This is im- 
p ant in maintaining ohmic con- 
tact against oxidation of the 
tungsten, without damaging the 
metallization and destroying 
the diode. 




Fig. 4. An internal view of the 40-60.5 GHz 
mixer showing the ridged waveguide 
construction. The diode matrix is mounted 
on the small disc in the left portion and the 
tungsten "cat's whisker 1 ' protrudes through 
the small hole in the ridged portion. The 
black wedge is a carbon block termination. 

In addition to the careful de- 
sign of the special mixer diode 
assembly, refinements in the mixer 
housing further improve broadband 
flatness and conversion efficiency. 
Conversion loss is minimized by 
using ridged waveguide. This type 
of structure concentrates the rf 
energy in the gap between the top 
of the ridge and the adjacent wave- 
guide wall, where the mixer diode 
assembly is located. Therefore, the 
diode can become saturated with rf 



energy at power levels as low as 
- 30 dBm , but can easily withstand 
up to 10 mW without damage. 

Further improvements in flat- 
ness are achieved by designing a 
standard-to-ridged waveguide 
broadband transition into the 
mixer body preceding the mixer di- 
ode, and a tapered waveguide load 
beyond the diode to terminate 
the rf line. 

Summary 

This has been just a brief 
glimpse into the microwave capa- 
bility at Tektronix. The key element, 
of course, is people. Dedicated, in- 
novative people not content with 
the current state-of-the-art. Sup- 
porting the innovators are crafts- 
men operating in many disciplines, 
and extensive research and manu- 
facturing facilities to transform 
their "dreams” into realities. 
Realities in the form of instruments 
like the 7L18 that help you make 
microwave measurements with 
greater ease and convenience, and 
confidence in the accuracy of the 
end result, gj 




rig. 5. external mixer diode consists of a silicon wafer containing an array of 
hundreds of 4.7u m Schottky-barrier diodes. Tungsten •‘cat's whisker 5 probe is 
0.001 inch in diameter. 






A High Performance 
Transportable Microwave 
Spectrum Analyzer 




Precision microwave meas- 
urements typically are difficult and 
time consuming to make and usu- 
ally limited to a laboratory setting. 
Mow a new microwave spectrum 
analyzer, the 7L18, offers substan- 
tial improvement in the speed and 
convenience of making such mea- 
surements, and can be hand-carried 
to the site. 

Covering the spectrum from 
1.5 GHz to 60 GHz, the 7L18 extends 
the 7000-Series user s choice of high 
performance analyzers over the 
range of 20 Hz to 60 GHz. The 7L18 
can be used with any 3- or 4-wide 
mainframe including the 
militarized USM-281C. 

Several technological innova- 
tions contribute to the ease and ac- 
curacy with which measurements 
are made. Advanced YIG-tuned 
filter design gives spurious-free dis- 
plays from 1.5 GHz to 18 GHz. Ex- 
ternal millimeter-wave harmonic 
mixers of improved design provide 
specified calibrated flatness from 18 
GHz to 60 MHz. Advanced phase 
lock techniques yield a usable reso- 
lution capability of 30 Hz through 
X-band (12 GHz) and 300 Hz resolu- 
tion to 60 GHz. Custom LSI signal 
processing chips provide split- 
memory storage, computation of 
average value, display of maximum 
signal level, and comparison of ref- 



erence and incoming signal levels 
for rapid analysis of differences. We 
will discuss some of these innova- 
tions, with others covered in detail 
elsewhere in this issue. 

Microprocessor based control 
system 

One of the major design goals for 
the 7L18 was to achieve a quality 
we call "'transparent/' Transparent 
means the controls have been 
human engineered so the operator 
can use the instrument without 
conscious effort, and the instrument 
gives accurate, unambiguous re- 
sults. This goal was realized by im- 
plementing a microprocessor-based 
control system. 

The microprocessor has 
changed the basic concept of how 
test instruments are organized. Be- 
fore, instruments were organized 
much like a spoked wheel, with the 
front panel being the wheel's hub. 
The spokes were the various as- 
semblies directly controlled by 
front-panel knobs and switches. The 
rim of the wheel was the various as- 
sembly interconnection of both sig- 
nals and interacting controls. Now, 
the microprocessor is the wheels' 
hub, the front panel is relegated to 
being one of the spokes, and only 
signals travel the rim of the wheel . 

Before, instrument designers 
were forced to compromise many 
aspects of their design because of 
the difficulties of controlling a com- 
plicated system with a limited 
amount of logic. Now, this barrier 
has been removed. The designer is 
free to optimize his design, knowing 
that with a microprocessor he can 
devise a control system. 

The span attenuator circuit in 
the 7L18 is an example of this pro- 
cess (see figure 1). Previous micro- 
wave analyzer designs required 
two, and sometimes three, attenua- 
tors: one for the span knob, and one 
for the band switch, to attenuate 
the sweep for harmonic conver- 
sions, all in cascade. Some phase 




lock techniques require another 
that is proportional to the first local 
oscillator frequency. This multitu^ 
of attenuators caused signal-to- 
noise degradation of the sweep sig- 
nal but made it possible to control 
the oscillator sweep width with a 
series of user-operated switches. 

Only one span attenuator is 
used in the 7L18. The micro- 
processor sets it to the proper valtK 
which is computed from the spanV 
per division knob setting, the band 
switch setting, and the local oscilla- 
tor frequency (in the phase locked 
setting only). A complex algorithm 
chooses the attenuator setting and 
determines when to go into phase 
lock. The result is simplified design 
and improved signal-to-noise ratio. 

Other functions performed by 
the microprocessor include: com- 
putation of center frequency from a 
digital voltmeter reading that is ....... 

proportional to the oscillator fre-( 
quency and band switch setting; 
reading the IF gain switch, RF 
attenuator, and band switch set- 
tings and computing the proper IF 
control settings and the reference 
level; reading the time per division, 
span per division, and resolution 
bandwidth settings and performing 
the appropriate control functions 
when automatic time and resolu- 
tion bandwidth functions are 
selected; and sending information^ 
to the crt readout for Center Fre- 
quency, Reference Level, Resolution 
Bandwidth, and Span per Division. 

The microprocessor used in 
the 7 LI 8 is the Intel 4004, a 4-bit 
processor well suited to this use. 

The control bus consists of four ad- 
dress lines, four data lines, a data? 
input strobe line, and a data output 
strobe line. This bus is carried 
throughout the 7L18, touching on 
most of the major circuit board 
assemblies. 

To get an overall picture of V 
how the 7L18 functions let s con- 
sider the simplified block diagram 
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Fig. 3. The vertical section and front panel module are hinged for easy access to 
circuitry. An extender extrusion gives access to individual circuit boards 7lv_- 
7L18 can be operated outside the mainframe in this configuration by means of a 
flexible extender cable. 



shown in figure 2. A signal entering 
through the coaxial input filter first 
passes through the RF attenuator 
and is then sent to the YIG-tuned 
preselector. The 3-sphere YIG filter 
(described elsewhere in this issue) 
provides a voltage-tuneable band- 
pass filter that selects which signal 
is to be applied to the first 
converter. 

The first converter assembly 
contains the first mixer and a 
coupler for the external mixer input 
on the front panel. (Three external 
mixers handle input frequencies 
from 18 GHz to 60 GHz. The first 
mixer is a singly-balanced mixer 
that operates in a harmonic mixing 
mode. As the band switch is 
changed, the mixer bias is varied to 
enhance the harmonic content of 
the local oscillator (LO) current in 
the mixer diode for the conversion 
in use. This optimizes mixer per- 
formance for each band. 

The first LO operates in a fre- 
quency band of 2.0 to 4.0 GHz. The 
first IF frequency is 510 MHz. To 
pass a signal from the input to the 
first IF, the preselector must be 
tuned to an appropriate frequency 
with respect to the first LO. For 
instance, if it is desired to pass a 
signal in the range of 1.5 GHz to 3.5 
GHz (Band 1), the preselector must 
be tuned at the same rate as the LO 
but 510 MHz lower. Band 2 covers 
2.5 GHz to 4.5 GHz. On this band 
the preselector tunes at the same 
rate and 510 MHz higher than 
the LO. 

In Band 3, which covers 3.5 
GHz to 7.5 GHz, harmonic mixing is 
used for the first time. As noted pre- 
viously, the mixer bias is varied to 
enhance, in this case, the second 
harmonic of the LO. With the sec- 
ond harmonic enhanced, the effec- 
tive frequency of the LO is from 4.0 
GHz to 8.0 GHz. The preselector is 
tuned at the rate of the effective 
frequency of the LO but 510 MHz 
lower in frequency. Band 4 (6.5 GHz 
to 12.5 GHz) and Band 5 (9.5 GHz to 
18 GHz) are similarly tuned using 
the third and fifth harmonics. 

The preselector has a 
bandwidth of about 50 MHz but 



significant unflatness will result 
unless the preselector is tuned to 
within about 2 MHz of the correct 
frequency. Special attention was 
given to temperature and drift 
compensation to maintain the 
accuracy of the oscillator and pre- 
selector control circuitry. 

The oscillator tune voltage, 
which includes both the sweeping 
component and an offset corre- 
sponding to center frequency, is 
amplified by an amount appropri- 
ate to the harmonic in use (XI, X2, 
X3, X5). A second offset is then 
added to tune the preselector to the 
correct frequency. 

As mentioned previously, the 
first converter assembly includes a 
coupler that sends the first LO sig- 
nal to the external mixer jack on the 
front panel and returns the 510 MHz 
signal to the first IF. The first IF has 
two inputs from the first converter 
assembly — one from the coaxial 
mixer and one from the external 
mixer jack. The signal from the 
external mixer jack is preamplified 
and sent to a switch that selects 
between this signal and the coaxial 



mixer input signal. The amplified 
following the switch is variable 
gain to compensate for the wide 
range of conversion losses caused 
by the use of harmonic mixing. 

The amplified 510 MHz signal 
is then filtered with a 3 MHz band 
width filter and converted to 10 MHz 
by the second mixer and the second 
LO at 500 MHz. The second LO is 
amplitude regulated and the har- 
monics used as a calibrator signal _ 
The 10 MHz signal is amplifid^ 
by a variable gain amplifier con- 
trolled by the IF gain control. It is 
then filtered by the various resolu- 
tion bandwidth filters, sent through 
the log amplifiers to be logarithmi- 
cally converted, detected, and the 
resulting video sent to the digital 
storage system. f 

The digital storage system (de^ 
scribed in detail else-where in this 
issue) eliminates the need for a 
long-persistence type storage crt to 
display the slow sweeps required 
for high-resolution measurements 
In addition to providing flicker-free 
displays, the digitized video signal 
is processed further to provide sev- 
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eral computed signal parameters 
' ich as average value — ideal for 
eliminating the effects of noise, 
comparison of a reference signal 
and an incoming signal and display 
of only the differences between the 
' o , and the display of maximum 
incoming signal level over an ex- 
tended period of time. 

Mechanical design 
In microwave design, mechanical 
innovation is often as significant as 
circuit innovation. This is particu- 
larly true in the 7L18 where the 
Njal was to package the electronics 
.Jr a state-of-the-art microwave 
spectrum analyzer in a 3-wide 
7000-Series Plug-In. Easy access 
to internal modules to facilitate ad- 
justments, maintenance, and 
occasional repair was a must — all 
to be accomplished without com- 
promising RF performance. 

After extensive consultation 



with the electrical design team, 
precise space allocations were 
-greed upon for each of the circuit 
nctions. The bulk of the circuitry 
resides on 4" by 5" printed circuit 
boards fitted into U-shaped extru- 
sions. These extrusions interlock 
with extrusions on either side of the 
unit providing mechanical stability 
and a means of shielding between 
adjacent modules. Any module can 
be removed without disturbing the 
structural or functional integrity of 
the other modules. An extender ex- 
trusion is available to give access to 
individual circuit boards while the 
^,18 is operating outside of the 
mainframe using a flexible extender 
cable. 

Further access is accom- 
plished by a hinge between vertical 
(signal input) and horizontal 
sections, and the front-panel mod- 
ule (see figure 3). The front panel of 
horizontal section also is hinged 
tc provide access. The 7L18 can be 
operated with either or both of 
these sections swung open. 

One of the most challenging 
echanical design problems was 
housing the phase-lock system 
which gives the 7L18 its outstand- 
ing stability. Several assemblies 
had to be well isolated to ensure 



spurious free response, yet located 
in close proximity. 

The needed isolation was 
achieved by housing the critical 
phase-lock circuitry in an alumi- 
num milling. The milling utilizes 
solid bottom wells into which the 
individual circuit boards are 
mounted. Compartment to com- 
partment interconnections are 
made by jumpers that pass through 
slots cut in the top of the side wall. 
To enhance the isolation further, 
each circuit board has an individual 
cover that fits under the outer cover. 

To reduce incidental hum 
modulation by stray line related 
magnetic fields, the master sweep- 
ing oscillator is shielded in two 
layers of magnetic shielding. The 
resonator itself is shielded in a 
small mu-metal enclosure and the 
entire oscillator circuit is shielded 
within another mu-metal can. This 
reduces hum modulation to a very 
low level. 

Numerous other mechanical 
design innovations in the 7U18 in- 
clude direct input to the front-end 
attenuator; a 40:1, two-position, 
center- frequency control with a 
proprietary detent system that 
locks it firmly into the selected posi- 
tion; and a compact front-panel- 
readout drum that indicates both 
the selected band and its associated 
harmonic. Precision bending of 
semi-rigid coax to eliminate reflec- 
tion and minimize transmission 
losses was achieved with special 
tooling that controls bend curva- 
ture within 0.5° and assures accu- 
rate plane relationships. 

Summary 

State-of-the-art performance and 
state-of-the-art packaging are com- 
bined in the 7L18 to give you new 
measurement capability and 
unparalled operating ease in an 
instrument that can easily be 
transported to your measurement 
site. The addition of this microwave 
spectrum analyzer to the 7000- 
Series family allows you to make 
measurements over the spectrum of 
20 Hz to 60 GHz with a high degree 
of confidence in the results. 




jniev Gumm is Protect Leader for the 7L18 
■ oa ram. He destqnea trigger circuits for 
~e usd, 7Q50f51 ana 7370/71 lime bases 
. a f o r e ! o in > n n t « * - one: ru rn analyzer group, 
re nas a 3 . ■$. E . E ■> 4 i o m v Va shing ton 
: 7 r e a no M . S . E. E. " 0 ; rn m .• h e Untv . o i 
. asm no Ion. 

Acknowledgements 

As Project Manager for the 7L18 I 
would like to express my thanks to 
those who contributed so much 
to the success of the project. 

Bob Bales worked on the sweep, 
span attenuator, YIG driver, and 
instrument-interconnect; Russell 
Brown and George Maney did the 
microprocessor programming; Car- 
los Beeck and James Wolf mechan- 
ical design of the microwave 
assemblies, with Dave Shores and 
Philip Snow providing the electri- 
cal design; IF design was done by 
Wesley Hayward; Jack Reynolds 
was involved in the early design of 
the phase lock circuitry with Steve 
Morton completing the work; Don 
Kirkpatrick designed the digital 
storage IC s with Dennis Smith 
doing the front panel and digital 
storage board; Al Huegli was re- 
sponsible for the outstanding job of 
mechanical design. Virginia More- 
head was indispensable in provid- 
ing prototype support, as were the 
plant support people during intro- 
duction. Many other names should 
be included in this list but space 
doesn't allow. iMy thanks to each of 
you for a job well done. 1g 

The 7L18 will be introduced outside the United 
States during the first quarter of 1 978. For 
further information, please contact the 
nearest Tektronix Field Office, Distributor, or 
Representative. 



9 



Digital Storage For A 
Microwave Spectrum 
Analyzer 




Dennis Smith , at left , did the readout board 
design for the 7L18 and assisted with the 
storage board and front-panel design. He 
has his B.S.E.E. '74 and M.S.E.E. '75 from 
Montana State. Don Kirkpatrick, at right, 
designed the storage circuitry for the 7L5 . 
reducing most of it to two ICs for the 7L18. 
Before joining the spectrum analyzer group 
he worked on the 4012 and 4Q14 Graphic 
Display Terminals. He has his B.S.E.E. '69 
and M.S.E.E. 75 from Oregon State. 



Digital storage is a relatively recent 
innovation in spectrum analyzers 
and is usually found only in those 
covering the frequency spectrum 
below 100 MHz. Why, then, digital 
storage in a microwave spectrum 
analyzer? 

The excellent stability made 
possible by state-of-the-art circuits 
and components permits resolution 
measurements of 30 Hz at frequen- 
cies up to 12 GHz and 300 Hz up to 
60 GHz. To scan through and fully 
display a 10 kHz spectrum at 30 Hz 
resolution requires scanning at 
more than 20 seconds per sweep. 
The usefulness of storage at these 
sweep speeds is obvious — it lets 
you view such slow moving displays 
flicker free. A storage crt could ac- 
complish much the same thing. But, 
in addition to simplified operation, 
digital storage offers other advan- 
tages; for example, signal averaging 
to reduce the effects of noise, cap- 
turing the peak level of a signal, 
displaying drift in a signal, and 
comparing an incoming signal to a 
previously stored reference signal. 

In this article we will discuss 
some of the problems, and solu- 
tions, involved in developing a 
digital storage system for the 
TEKTRONIX 7L18 Microwave 
Spectrum Analyzer. 

The average calculation 

The first problem considered was 
the necessity of performing an av- 
eraging function for smoothing of 
the waveform. This is usually done 
in an analog manner using a low 
pass filter called a video filter. The 
major problem encountered in 
smoothing digitally is the wide 
range of sweep speeds over which 
the 7L18 operates (20 sec/div to 1 
ms/div). This is a large dynamic 
range over which to do digital 
averaging. 

The solution to this problem 
involved finding a practical method 
of performing division rapidly. After 
considerable research, we adapted 
a technique employed in an early 
hand-operated mechanical 
calculator — that of using a series 
of subtract and shifts to effect 



division. The numerator and 
denominator are justified left and 
subtractions are performed until ^ 
the denominator is larger than the v 
numerator. The denominator is 
then shifted one place to the right 
and subtraction continued until tK|| 
division is completed. Using this 
technique allows us to perform a 
division of a 17-bit denominator 
into a 25-bit numerator and arrive 
at an 8-bit quotient in 18 micro- 
seconds — a speed adequate for 
our needs. 

The technique was first im- 
plemented in the TEKTRONIX 7U& 
Spectrum Analyzer. The circuitry 
occupied two printed circuit boards 
totalling about 60 square inches, 
used 60 integrated circuits, and 
consumed a moderately large 
amount of power. When the 7L18 
was conceived, it was evident we 
would not have nearly the same 
space and power available so we 
set about making the necessary 
reductions. 

Nearly all of the digital cir- 
cuitry was put into two custom LSf 
circuits — one for the horizontal v - : 
function, the other for the vertical. 
These two ICs, along with external 
D/A converters, operational 
amplifiers, switches and switch de- 
bounce circuitry, and connectors 
are contained on a circuit board of 
less than 20 square inches (see 
figure 2). 

The two chips are tied together 
into one coherent unit by a major 
synchronizing pulse which occurs^ 
every 9 /x$. Data is stored serially irT 
the 8k X 1 random access memory. 
This simplifies some of the other 
chores to be performed and pro- 
vides some unique operating fea- 
tures. For example, you may want 
to read out the memory contents 
into an external device. This is ac-/' 
complished through the use of an ^ 
external "handshake". When a BUS 
REQUEST signal is received, the 
address bus on the memory goes 
tristate once every 40 microseconds 
and gives an external device access! 
to the memory for one 9 /xs cycle. 

The external device must provide 
the addresses and whether the in- 
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formation is to be read or written. 
The entire memory contents can be 
read out in about two milliseconds. 



Memory with a difference 

The digital storage memory in the 
^18 is functionally (but not physi- 
Jlly) divided into two sections — A 
and B. Several modes of operation 
are available to you. You can store 
data in A or B, or in both. There are 
512 A values and 512 B values. When 
both are displayed, the origin of B is 
shifted such that the A and B coor- 
dinates are interlaced giving you a 
jsplay of about 1024 increments. 

When the SAVE A function is 
activated the data in A memory is 
held, and only that in B memory is 
updated. In this mode, all of A is 
drawn and all of B is drawn r each in 
a separate trace. 

A third display mode is avail- 
able, called B-SAVE A. (B minus 
SAVE A). In this mode the displayed 
values are the differences between 
the B and A values for the same X 
coordinate. This is a very conve- 
nient mode to use in aligning filters 
and other devices where you can 
tune for a null. However, an in- 
teresting problem arises if the de- 
vice you are testing is active. The 
reference waveform is stored in A 
memory and the unknown is stored 
in B memory. If the device is active, 
the B waveform may be larger than 
A resulting in a shift in the zero ref- 
erence line. Then, for a particular 
application, where should the refer- 
~*|nce line be positioned — center- 
screen, at the top, or at the bottom? 
(It is set near top-screen at the fac- 
tory.) We resolved this problem by 
allowing you to select the position 
of zero reference through the choice 
of a digital word. We created the 
mathematical expression B-A-bK, 
ith the value of K set by the 
lected digital word, which you 
can program. 

Now let's take a closer look at 
the two LSI chips developed for the 
digital storage system. As we 
pointed out earlier, the storage dis- 
play system is partitioned into two 
sections — the Vertical Control Cir- 
cuit and the Horizontal Control Cir- 



cuit. The vertical chip contains cir- 
cuits for vertical acquisition, verti- 
cal display, peak detection, signal 
averaging, Z-axis blanking, and 
special Y-value processing. The 
horizontal chip contains the hori- 
zontal acquisition address counter, 
horizontal display counter, ten-bit 
RAM address multiplexer and a 
program logic array system control 
matrix. External to the two chips 
are two 8-bit digital-to-analog con- 
verters, two 10-bit digital-to-analog 
converters, one 10-bit latch, 8k bits 
of random access memory, and all 
required analog functions. 

The vertical control circuit 
A simplified block diagram of the 
vertical chip is shown in figure 3. 
The vertical analog voltage is con- 
verted to a Y- value binary number 
using an 8-bit successive approxi- 
mation register. Eight clock cycles 
are required to perform the analog 
to digital conversion. For one clock 
period between each conversion the 
successive approximation register 
produc es a low-going pulse called 
SYNC. This is the synchronizing 
pulse mentioned earlier that ties 
the two chips together into one 
coherent unit. Nearly all functions 
of both chips are related to this 
pulse. 




Fig. 1- Front-panel storage controls permit 
you to store one or two traces, or 
display the difference between the two. 



The averaging circuit has 
three distinct parts: the grand total 
of all the Y values (for a given X 
coordinate), called the numerator; 
the number of samples comprising 
the numerator, called the de- 
nominator; and the subtract and 
shift circuit which performs the di- 
vision. As each new Y value is con- 
verted, it is added to the eight least 
significant bits of the numerator. 
Each carry from the most signif- 
icant bit of this addition is simply 
counted by a 17-stage ripple 



Fig. 2. The digital storage circuitry in the 7L5 occupies the two boards at right. 
The same function is performed in the 7L18 by the single board at left. 
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Fig. 3. Simplified block diagrams of the integrated circuit containing the vertical portion of the storage circuitry. 



counter. This counter and the 
eight-bit sum are cascaded to form 
the 25-bit grand total. Each time a 
new sample is added to the 
numerator, a second 17-bit ripple 
counter is incremented, generating 
the 17-bit denominator. 

A division cycle is started 
when the horizontal chip detects a 
change in the X coordinate. It sends 
a logic START DIVIDE signal to the 
vertical chip . Ten clock periods are 
required to load the divide circuit 
with the numerator and the de- 
nominator, with the actual divide 
taking an additional eight p eriods. 
The cycle starts on a SYNC pulse 
and the first bit of the quotient is 



available shortly after the positive 
edge of the first clo ck pulse follow- 
ing the next SYNC. As we discussed 
previously, division is performed by 
repeated subtract and shift. The 
quotient is created serially with the 
most significant bit first. Since only 
eight-bit accuracy is required, the 
divide circuit is loaded with the 
eight most significant bits of the 
denominator and the sixteen most 
significant bits of the numerator. 

The peak Y value reached dur- 
ing the last set of samples has been 
stored in an eight-bit shift register. 
At the start of a conversion cycle, a 
serial compare circuit is set to the 
state "don't know if the old or new 



number is larger". Each bit of the 
new and old value is then com- £ 
pared, most significant bit first, am. 
when one number is found to be 
larger, a flip-flop is set and the 
larger number is stored in the shift 
register. A multiplexer circuit 
selects either the peak or average 
value to be routed to the memory, 
based on the setting of the front 
panel PEAK/AVERAGE control. ( 
One of the special features of 
the 7L18 is MAX Hold. When this 
function is selected (by pressing a 
front-panel pushbutton), the larger 
of two values — the current memmj 
value at this X coordinate, or the 
previously selected peak/average 
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value — is stored in memory. Be- 
cause the memory cannot read and 
write simultaneously, the current 
memory value was read at the same 
time the divide circuit was being 
prepared, and was temporarily 
( ’^^red in the vertical display 
I; serial-to-parallel shift register. The 

J circuit which selects the larger of 
peak /average or memory value is 
functionally identical to the peak 
detector. 

' Timing for setting up the 

| divide and clearing the numerator, 
;^nominator, and peak circuit is 
.jpntrolled by a ten-stage Johnson 
counter. Nor gate taps are taken 
from appropriate stages to develop 
the necessary clear and latch timing 
pulses. 

As we discussed earlier, all 
data enters and leaves the memory 
serially. Data read from the mem- 
ory enters an e ight-b it shift register 
and, timed by SYNC, is transferred 
to the vertical display latch. This 
shift register is used for other pur- 
poses, so the DISPLAY ENABLE 
signal allows only display informa- 
Fig. 4. Block diagram of the integrated circuit 



tion to be transferred to the display 
latch. One example of data moving 
through this shift register is during 
a B-A display. The A value is first 
read from memory and stored in the 
shift register. As the B value is read, 
the subtraction is done serially and 
the answer is fed to the shift regis- 
ter. The subtraction must be per- 
formed least significant bit first so a 
set of exclusive OR gates change the 
order of extracting B from memory. 
The direction of shift for the shift 
register is reversed also to present 
the most significant bit to the 
proper display latch. The answer is 
transferred from the shift register to 
the display latch by the DISPLAY 
ENABLE signal. 

The subtract network does 
more than just B-A. The actual 
expression is B-A+K where K is a 
serial input external constant 
specified by the user. This permits 
you to place zero reference at any 
point on the display. To avoid possi- 
ble confusion, when B-A+K is off- 
screen the subtractor blanks the 
display. 

containing the horizontal portion of the storage c 



When SAVE A is disabled and 
both A and B are being displayed, 
maximum resolution of 1024 ele- 
ments is displayed. If this display 
shows a very narrow pulse on the 
screen, it is possible that the top of 
the pulse is a single X coordinate 
wide. If this maximum value were 
in B memory, and SAVE A turned on 
then display B turned off, there 
would be an apparent drop in 
amplitude on the screen. For this 
reason, when SAVE A is turned on, a 
special circuit on the vertical chip 
compares all A and B values with 
the same X coordinate and stores 
the larger in the A memory. 

The vertical chip also contains 
a three-bit synchronous counter 
which identifies which bit of the 
eight-bit vertical value is to be read 
or written by the memory. This is 
the only memory addressing done 
by the vertical chip; all other ad- 
dressing is under the control of the 
horizontal chip. 

The horizontal chip 

The horizontal chip is considerably 
ircuitry. 





less complex than the vertical chip. 
A simplified block diagram is 
shown in figure 4. 

The X analog voltage is con- 
verted to a horizontal address for 
memory by the use of a ten-bit 
tracking analog-to-digital conver- 
ter. As the sweep moves to the right, 
the counter increments. As the 
sweep retraces, the counter decre- 
ments. Each time the counter is 
incremented, there is a new X coor- 
dinate, and a START DIVIDE is 
generated to start the storage cycle. 
When the counter decrements, no 
START DIVIDE is generat ed. The 
increment clock is SYNC and the 
decrement clock is the basic I MHz 
system clock. When SAVE A is acti- 
vated, the counter skips every other 
binary number, thus only B coordi- 
nates appear as addresses. 

The stored waveforms are re- 
created by reading from memory 
the Y value and converting this 
value and its X location to analog 
voltages. The counter which cycles 
through all the X locations is lo- 
cated on the horizontal chip. By the 
use of a multiplexer, the memory 
address is switched from display to 
acquisition. 

The "intelligence" for the sys- 
tem is contained in a program- 
mable logic array (PLA) ROM-state 
machine. The PLA controls which 
trace is going on-screen, when to 
switch from read to write, generates 
the B-A coordination signals with 
the vertical chip, controls the in- 
crementing of the display counter, 
and handles requests for memory 
bus. The memory bus request al- 
lows an external device to read or 
write memory contents. When a 
BUS REQUEST signal is received, 
an eight-clock cycle is selected 
which will not interfere with other 
functions. When that time becomes 
available, all address lines and the 
read/write lines go to the high im- 
pedance tristate mode for the next 
eight clock cycles. It can then be 
accessed by external devices. 

The Programmable Logic 
Array on the horizontal chip is 





Fig. 5. This series oi photos shows (top) 
display in SAVE A mode, (center) display in 
B mode, (bottom) display in B-SAVE A 
mode- 

modeled after the classic 
Huffman/Moore finite state ma- 
chine with the PLA performing the 
combinational logic. The advantage 
to a PLA and the Huffman- Moore 
machine is that the system logic is 
extremely straightforward and easy 
to follow. Changes to the system 
become very easy to effect. 

Conclusion 

Digital storage is not usually found 
in microwave spectrum analyzers. 
However, the outstanding stability 
of the 7L18 makes possible 30 Hz 
resolution measurements at 
gigahertz frequencies. The slow 



sweeps necessary for such measure- 
ments make storage a valuable 
adjunct. 

The power and space available 
for the storage circuitry in the 7L18 
provided an engineering challenge 
that was successfully met, with ndf* 
time-saving operating features 
added as a bonus. I® 
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A Phase Lock 
Stabilization System For 
30 Hz Resolution At 12 
Ghz 



first question when engineering 
confronted with the 7L18 Spec- 
trum Analyzer stability require- 
ments was "is it possible?" Today 
we can easily say "yes". Fora while, 
though, we were not at all certain 
that the 7L18 stability goals were 
attainable. Consider the fact that 30 
Hz resolution at 12 Ghz is a ratio of 
J 10 8 .Consider further that this 
had to be attained in a sweeping 
system, with over 80 dB of display 
dynamic range, without introduc- 
ing spurious responses. The impli- 
cations of such specifications can be 
quite frightening. What follows 
is a discussion of some of these 
implications and the implemented 
solutions. 



A balance of compromises 

All frequency stabilization phase 
lock systems comprise certain basic 
elements such as a sampler, refer- 
ence oscillator, error amplifier, etc. 
The designer, however, has many 
choices of block diagram 
implementation. 

The first block diagram choice 
on the 7L18 was whether to sweep 
the first and second local oscillators 
or the first local oscillator only. 
Figures 1A and IB show the two 
choices. Assume that the stability of 
the first (2-4 GHz) oscillator re- 
^es locking at a full screen span 
width of 500 kHz. Bv the time we 
get to 40 GHz, at the 10th harmonic 
of the oscillator, the 500 kHz be- 
comes 5 MHz. Let us assume also 
that the first oscillator will be 
locked in 3. MHz steps. These steps 
are also multiplied by the operating 
Snonic number, assumed ten for 
odr example. Thus, the total range 
required for sweeping and center- 
ing is a minimum of 15 MHz. Add- 
'ng to this some minimal safety 
range we end up at about 17 MHz. 
The implementation of figure 1A re- 
quires that the 500 MHz oscillator 
sweep 17 MHz. 




Fig. 1. (a) During phase lock operation, the First L.O. is locked and the Second L.O. 



is swept and tuned. In Fig. 1(b), the First L.O. i: 
multiplied, while the Second L.O. is fixed. 

This system has the advantage 
that stability is virtually indepen- 
dent of operating harmonic number 
so that the same specifications 
apply at all input frequencies, and 
it avoids such complicating features 
as a conversion harmonic at- 
tenuator. The difficulty is that 17 
MHz is a very large percentage of 
500 MHz resulting in a loss in sta- 
bility. Furthermore, this requires a 
nearlv-irnpossible-to-design sharp 
cutoff, flat, 17 MHz-wide filter in the 
first IF. 

One way of reducing the re- 
quired tuning range is to lock the 
first oscillator in smaller incre- 
ments, for instance 500 kHz. 

However the reference noise is mul- 
tiplied by 20 log M, where M is the 
ratio of locked oscillator frequency 
to reference oscillator frequency. 
Therefore, a two to one reduction in 
reference frequency means a 6 dB 
degradation in sideband phase 
noise; not a very attractive 
prospect. 

Another technique of reducing 
second local oscillator tuning range 
is to lock the first oscillator in small 
synthesizer tuning increments. But 
room and power constraints 
prohibited this. 



swept, tuned, phase locked, and 

The compromises implicit in 
figure IB are different. Basic sweep 
width requirements are not multi- 
pi ied at higher operating harmonics 
since this happens automatically in 
the mixing process. But other 
difficulties creep in. All instabilities 
experienced by the locked oscillator 
are multiplied by the conversion 
harmonic number. Thus, incidental 
fm is dependent on frequency with 
a ten times degradation, for exam- 
ple, at 40 GHz compared to 4 GHz. 
The input reference and sweep os- 
cillator are used to lock a relatively 
wideband oscillator (2-4 GHz) as 
opposed to an essentially fixed 
frequency 500 MHz oscillator. As we 
tune the first local oscillator to 
change input frequency, the ratio of 
reference and locked oscillator fre- 
quency changes. This means that 
the ratio of any movement or 
sweeping of the reference oscillator 
also changes. To maintain a con- 
stant relationship it is necessary to 
normalize the reference sweep 
voltage through a conversion 
harmonic attenuator. 

Clearly the implementation of 
figure IB is much more compli- 
cated. But, barring the use of a 
reference synthesizer, it also gives 





better stability for the lower con- 
version bands. It is the technique t 
chosen for the 7L18, 

Adding improvements 

As indicated in the previous section, 
an important key in getting good 
stability is to sweep as narrow a 
band as possible. The first choice in 
this respect was to sweep the first 
rather than second local oscillator. 

A further improvement was to 
switch between four fixed reference 
oscillators to get 1 MHz steps at a 4 
MHz reference. This is theoretically 
worth 20 log4 =12 dB in sideband 
phase noise improvement. 

The complete basic imple- 
mentation is shown in the block 
diagram of figure 2 . 

The four megahertz reference 
is used to generate 20-nanosecond 
wide, 4-volt strobe pulses which are 
further sharpened up to a 100 pico- 
second or less risetime in a snap 
diode circuit. This drives a sam- 
pling phase gate to generate the 
phase lock error signal. Phase gate 



characteristics are important in 
transferring the full cleanliness of 
the reference signal to the local 
oscillator. Precise balance between 
coupler arms, sampling diodes, and 
strobe pulse amplitude level has to 
be maintained to prevent reference 
strobe harmonics from getting into 
the local oscillator, thus creating 
spurious responses. Control of bal- 
ance and amplitude level also 
permit phase lock loop gain opti- 
mization for best sideband noise 
characteristics. 

Balance control is obtained by 
constructing the phase gate, as well 
as associated circuitry, on an inter- 
connected array of three alumina 
substrates. These substrates include 
a flat 2-4 GHz coupler to obtain a 
sample of the local oscillator, a 
resistive power divider to separate 
the local oscillator input into two 
channels, two terminated sampling 
diode chips, a combiner and inte- 
grator to drive the error amplifier, a 
balanced snap diode driver with 



snap diode, and two couplers for 
coupling the snap diode generated 
strobe pulses into the sampling r ' 
diode lines. 

Defining stability ^ 

With all this fuss about getting 
things stable it might be useful to 
explain what it is that we are after. 
Figure 4 shows an illustration of the 
three elements which are affected 
by phase lock stabilization. 

Drift — a gradual shift in center fre- 
quency with time, temperature, line 
voltage, etc. is a relatively slow pi 
nomenon. Incidental fm on the 
other hand is a fairly rapid random 
frequency shift or perturbation. It 
can be analyzed as a narrowband 
fm modulation process. When this 
is due to power supply line related 
ripple, we get coherent sidebands. 
These can be quite troublesome for 
a high resolution instrument like 
the 7L18. The sideband noise pedes- 
tal shows the “far down” stability 
performance of the oscillator. 



Fig. 2. Block diagram of 7L18 phase lock system. The inner loop serves as the frequency reference for the outer loop. 
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Unfortunately, the stabiliza- 
r on circuitry affects the three sta- 
bility elements differently. The 
choice of performance is, therefore, 
a matter of compromise. 

Drift and incidental fm are 
\ely related to sweep or tuning 
width and to the isolation of the 
oscillator from the environment. 

A wide tuning circuit must, by it's 
very nature, have elements which 
greatly affect frequency. If uncon- 
trolled environmental factors such 
as voltage or temperature get into 
frequency sensitive elements of 
oscillator, then we have drift 
and incidental fm. The solution is 
two fold — reduction of frequency 
sensitivity and isolation from the 
environment. 

Frequency sensitivity is 
reduced by locking the main oscilla- 
tor to as narrow a tuning reference 
as feasible. Some of the efforts at 
reducing reference sweep and 
tuning range have already been dis- 
cussed. In addition, many not so 
ivious steps have been incorpo- 
rated. Observe from figure 2 that 
the basic crystal reference oscil- 
lators differ from each other by only 
8 kHz, i.e., 15.800 MHz and 15.808 
MHz. Eventually, of course, this 
small difference is multiplied to 
become 1 MHz steps (2 GHz/16 
MHz-125, 8 kHz X 125-1 MHz), 

The offset oscillator moves 640 
kHz/64 = 10kHz. This gives extra- 
ordinarily little overlap when 
switching between the four refer- 
crystals. Oversweep, false 
locks, failure to switch crystals, or 
failure to lock to the right crystal 
can all cause annoyances or worse. 
The usual procedure is to have 
plenty of oversweep range for 
safety. Not so in the 7L18. Here 
extra effort in the lock, search, and 
,trol circuitry was traded for a 
rower sweep range. 

Once the main oscillator is 
locked to a reference, the sideband 
^ase noise characteristics are de- 
mined mainly by the reference 
oscillator and lock loop bandwidth. 
Obviously, great care must be taken 
to make the basic reference oscil- 




Fig. 3- Phase gate assembly includes a 2-4 
GHz coupler, a resistive power divider, two 
terminated sampling diode chips, a 
combiner and integrator to drive the error 
amplifier, and two couplers to couple the 
strobe pulses into the sampling diode lines 



lator as clean as possible. This 
involves choice of crystals (type of 
cut, Q , mounting etc.), choice of cir- 
cuit, and isolation from the outside 
environment. But even the best ref- 
erence has a wideband noise floor 
and the sideband noise level comes 
up as 20 logM (M-multiplication 
ratio). Therefore, the higher the ref- 
erence frequency the better. For the 
7L18, the basic reference frequency 
is 4 MHz (16 MHz-f4). This is mul- 
tiplied by 500 times to get to 2 GHz, 
producing a 54 dB increase in ap- 
parent reference sideband noise. 
Had we used a 1 MHz reference the 
increase would have been 12 dB 
worse. 



Fig. 4. An illustration showing the three 
elements affected by phase lock 
stabilization — drift, incidental fm, and 
phase sideband noise. 




This performance area is ac- 
centuated in the 7L18 because of the 
sharp 4:1 resolution shape factors. 
More gradual resolution bandwidth 
roll off permits use of a dirtier lock 
reference since the phase noise can 
not be resolved. As a consequence it 
was considered worth the complex- 
ity to go to a four crystal reference 
system in order to save up to 12 dB 
on phase noise. 

Finally, it is essential that sen- 
sitive circuits be well isolated from 
undesirable outside influences. The 
crystal oscillators are separated 
from the offset VCO by a mu-metal 
housing. The reference oscillator 
system sits in a separate compart- 
ment of a multicompartment mil- 
ling. Other elements of the phase 
lock system are mounted in the 
remaining compartments of the 
milling. As a final measure, all 
compartments are enclosed on both 
sides by mu-metal plates. Input and 
output connections are handled 
through special feedthrough 
capacitors to create the highly 
isolated compartment shown in 
figure 5. 

A closer look 

Now lets take a closer look at how 
the phase lock circuitry does its job. 
It is easier to understand if we dis- 
cuss it in two parts. The first covers 
the generation of the strobe, or ref- 
erence frequency, to which the YIG 
oscillator is locked. This is called 
the inner loop. The second part 
discusses the circuitry necessary to 
lock the YIG oscillator to the strobe; 
we call this the outer loop (see 
figure 2). 

The inner loop 

As you can see from the block dia- 
gram in figure 2, the inner loop con- 
sists of three oscillators: a stable 
crystal reference oscillator (referred 
to as the reference oscillator), a 
moveable reference oscillator (re- 
ferred to as the offset oscillator), 
and the controlled oscillator, which 
is phase locked to the sum of the 
reference and offset oscillators. The 
controlled oscillator frequency is 
divided by four and used as the 
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source for the strobe driver. This 
strobe is used as the reference to 
which the YIG tuned (2-4 GHz) first 
LO of the 7L18 is phase locked. 

The reference oscillator is 
comprised of four crystal resonators 
at 15.800, 15.808, 15.816, and 15.824 
MHz. A 1 Hz change in this oscil- 
lator moves the strobe 125 Hz at 
2 GHz and about 250 Hz at 4 GHz 
when the offset oscillator is cen- 
tered at 12.8 MHz. Therefore, the 
8 kHz spacing between crystal fre- 
quencies moves the strobe lines in 
increments of 1 MHz at 2 GHz. Both 
the positive and negative supplies 
of the reference oscillator are zener 
referenced to reduce the affects of 
power supply variations and coher- 
ent side bands from other circuits in 
the 7L18. 

We use the offset oscillator to 
sweep the controlled oscillator for 
interpolating between lock points, 
and to provide fine tuning. The 
offset oscillator frequency is divided 
by 64, then added to the reference 
oscillator frequency, and again 
divided by 4 for a total division 



ratio of 256. When locking the YIG 
oscillator at 2 GHz, the strobe sig- 
nal is multiplied up about 500 
times, depending on the reference 
oscillator frequency. This means 
that a 1 Hz change in the offset oscil- 
lator will move the YIG oscillator 
frequency about 2 Hz (500/256) 
when the strobe line is at 2 GHz. 

You will recall that the multiplica- 
tion ratio depends on the YIG oscil- 
lator frequency, thus a 1 Hz change 
in the offset oscillator will cause a 4 
Hz change in the strobe line at 4 
GHz. 

Because of noise considera- 
tion, limitations on the linear 
sweeping range of the offset oscil- 
lator, and the bandwidth of the 
16.012 MHz crystal filter, the recen- 
tering range of the offset oscillator 
is only 1.2 MHz on-screen at 2 GHz, 
Consider that at 2 GHz, the strobe 
must also move 500 kHz (±250 kHz) 
to give a fine tuning range of one 
screen diameter in the widest phase 
lock position, plus provide a sweep 
of 500 kHz. This means that the 
strobe must move another 1 MHz. 



The total range of the YIG oscil- 
lator, therefore, must be 2.2 MHz at 
2 GHz. Hence, the offset oscillator {2 
must move 1.1 MHz because of the 
2:1 multiplication ratio discussed 
previously. In the offset oscillator 
circuitry, the varactor, zener diodjT 
and operational amplifiers must fc>b 
carefully selected for noise to give 
good performance at an equivalent 
YIG oscillator frequency of 12 GHz. 
This is equivalent to looking at the 
12th harmonic of the offset 
oscillator. 

A mixer combines the refer- f - 
ence oscillator, at about 15.8 MHzrIL 
with the controlled oscillator, at 
about 16 MHz. The difference fre- 
quency of 200 kHz is applied to the 
phase/frequency detector through a 
low pass filter which prevents the 
15.8 MHz and 16 MHz signals from 
getting into the phase detector. 

These frequencies combine with 
harmonics of the 200 kHz to pro- 
duce a family of crossover spurious 
responses which must be down 150 
dB-no small task. Careful shielding- 
is a must at this point. ( 

A phase/frequency detector 
and compensation amplifier (Fs) 
lock the output from the mixer, to 
the offset oscillator. This lock loop 
has a bandwidth of about 10 kHz 
because it must be swept. 

The output signal from the 
controlled oscillator is filtered by a 
6-pole monolithic filter to remove the 
residual 200 kHz sideband (200 kHz 
being the update rate of the phase/_ 
frequency detector) before going ^ , 
the strobe driver. 

One final comment on the 
inner loop function. Since the 
strobe rate is about 4 MHz, there 
will be a strobe frequency line ap- 
proximately every 4 MHz to some 
frequency greater than 4 GHz, (the 
upper end being determined by / 
the bandwidth of the phase gate V, 
sampler). At 2 GHz, the strobe fre- 
quency increments in 1 MHz steps 
when a crystal in the reference os- 
cillator is replaced by an adjacent 
crystal. The range allowed in the y 
offset oscillator moves the strobe 1 2 
MHz at 2 GHz to give a 20% overlap 



Fig. 5. Milled housing contains phase lock system. Mu*metal shielding is used 
extensively to create highly isolated compartments. 
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(see figure 6). At 4 GHz, the mini- 
mum spacing due to incrementing a 
crystal is 2 MHz. However, the 
strobe harmonic at 4 GHz now 
moves twice as far, or 2.4 MHz, 
when the offset oscillator is varied 
^before, thus no additional 
range is required from the offset 
oscillator. 



The outer loop 

The discussion thus far has been 
concerned with the generation of 
the strobe reference. Now let's con- 
sider the loop that locks the YIG os- 

Jlator to this reference. The outer 
loop portion of the block diagram 
is shown in figure 2. 

The outer loop performs a host 
of functions as follows: 

• Connects the compensation 
amplifier to the YIG oscillator 
when in phase lock positions 

• Provides search when not locked 

• Delays connecting the error 
amplifier after the strobe is 
turned on 

• Varies lock-in range as a func- 
tion of tune voltage 

• Commutates between crystals in 
the reference oscillator 

• Locks the YIG oscillator to the 
strobe 

• Senses when lock is achieved 

• Moves the strobe reference to 
recenter the YIG oscillator 

• Connects the sweep and offset 
oscillator filter after lock occurs 

• Limits hold-in range 

The compensation amplifier 
search oscillator form a condi- 
tunally stable amplifier that re- 
quires the phase lock loop to have 
acquired, to become stable. When 
the loop is not locked, the compen- 
sation amplifier oscillates at about 
a 3 Hz rate. As the amplifier oscil- 
lates, the YIG oscillator searches 

Vimount somewhat greater than 
Jif MHz. 

The search voltage moves the 
oscillator more than the distance 
between strobe lines to ensure that 
neither temperature effects nor dc 
balance errors from the phase gate 
will change the lock-in range. As we 
discussed earlier, the lock-in range 




Fig. 6. The recenter range of the offset oscillator is ± 20% to provide adequate 
overlap between adjacent crystals. 



when the YIG oscillator is at 2 GHz 
must be greater than 1 MHz, the 
spacing between crystals, and less 
than 1.2 MHz. the maximum recenter 
range of the offset oscillator. At 
4 GHz these numbers are 2 MHz 
and 2.4 MHz respectively. 

The output voltage of the 
search oscillator is monitored, and 
when this voltage exceeds an abso- 
lute value determined by the tune 
voltage, a lock inhibit command is 
given. In this manner, the allowable 
lock-in range is varied a factor of 
two as the oscillator is moved from 
2 to 4 GHz. 

When the allowable lock-in 
range is exceeded, it means the os- 
cillator was not able to acquire lock 
with the crystal in use, and a new 
crystal is selected. The inner loop 
has time to settle before the search 
oscillator comes back into lock-in 
range and the new crystal is tried. 

Eventually the YIG oscillator 
locks to the strobe reference and the 
search oscillator stops oscillating. 
When this happens, lock is sensed 
after a fixed period of time has 
elapsed to ensure that the lock is 
real. The crystals are then no longer 
allowed to change. 

The next step is to recenter the 
YIG oscillator so that a signal on- 
screen will be in the same place as 
before the lock was initiated. This is 
done by applying a correction volt- 
age to the offset oscillator from an 
8-bit digital-to-analog converter, 
until the error voltage from the 
phase gate is zero. This D/A must be 
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very stable to ensure low drift of the 
offset oscillator. If, for some reason, 
the D/A doesn't have enough range 
to recenter the oscillator, the lock 
sequence is started again, with pro- 
visions to ensure that the next crys- 
tal in the sequence is the first tried. 

After the YIG oscillator is 
locked to the strobe reference and 
returned to the frequency it was be- 
fore lock was initiated, the sweep 
vol tage is connected to the offset 
oscillator to sweep the reference. 
The bandwidth of the outer loop 
must be wide enough to ensure that 
the loop remains locked during 
sweep and retrace. This bandwidth 
is about 10 kHz for the 7L18. The 
hold-in range of the loop is about 
4 MHz to allow for the sweep, fine 
tune range, and drift of the 
oscillator. 
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Two New Graphic Display 
Modules for the OEM 
System Designer 




Fig. I.The GMA101 A Graphic Dispfay Module designed specifically for the OEM 



market. 

Business, engineering, science and 
education are all looking more and 
more to the computer to solve spe- 
cialized problems. In the publishing 
field, large word processing systems 
with graphic display modules are 
used to layout and edit newspapers. 
Computerized circuit board layout 
systems are in use throughout the 
electronics industry. Programmed 
instruction systems can be found in 
elementary and secondary schools 
as well as in universities. 

All these applications require 
the ability to interact with the sys- 
tem and graphically display words, 
images, or complex phenomena. 
Graphic displays are thus in increas- 
ing demand by system designers to 
help make these new, specialized 
computer systems more compatible 
with non-programmers and other 



"non-computer types/' who will be 
using them. 

To meet this demand, two new 
graphic displays, the TEKTRONIX 
GMA101A and the GMA102A, have 
been designed specifically for the 
OEM market. 

Using its direct view storage 
tube (DVST) technology, Tektronix 
has for many years been a leader in 
the design and manufacture of high 
resolution, low cost graphic display 
modules and terminals. With this 
new OEM configuration, system 
designers can now tailor the DVST 
display to their specific system 
needs. In addition, the GMA series 
for the first time offers fully devel- 
oped store-refresh capability, the 
ability to display stored and 
refreshed graphics on the DVST 
screen at the same time. 




Lots of options 

In designing the GMA series of 
graphic display modules for the 
OEM market, many packaging and 
performance options have been 
made available. Both the GMA101A 
and the GMA102A feature modular 
construction within a sturdy, wire- 
form chassis. The 19-inch display 
screen can be oriented either hori- 
zontally (tv format) or vertically ( 
(page format), with a viewing angle 
of either 90° vertical or tilted back 
15°. Each unit includes a power- 
supply, a vertical and horizontal 
amplifier circuit board, a high volt- 
age and Z-axis board and a storage 
board. Space is available for three 
additional circuit boards, which 
can be selected from Tektronix' list 
of performance options or built by 
the OEM buyer. The list of perform- 
ance options offered by Tektronix^ 
includes vector and character 
generator boards and extra current 
capacity for use by OEM-designed 
circuits. A hard copy interface is in- 
cluded as part of the standard dis- 
play package. It can be removed, as 
an option, for OEMs who will never 
need hard copies directly from th/ 
display. Both basic display modufb^ 
are all digital except for the X and Y 
inputs which are analog. With the 
interface options for both displays, 
the user also can drive the X and Y 
inputs digitally through use of a \ 
16-bit, fully parallel, TTL- 
compatible format. 
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Low cost graphics 

The GMA10IA has the highest reso- 
lution for its price of any graphic 
display on the market. Since the 
image is stored on the phosphor of a 
r)VST screen instead of in memory, 
is required with a refreshed dis- 
play system, DVST displays allow 
high resolution, high density 
graphics to be displayed at a rela- 
tively low computer overhead. Over 
3200 inches of vector or over 8500 
alphanumeric characters can be 
stored on the 19-inch GMA101A 
'splay screen. 

The many peformance and 
packaging options available with 
the GMA101A make it usable in a 
wide variety of applications in- 
cluding word processing, graphic 
display terminals, and graphic 
work stations for computer aided 
design systems. 

The best of both worlds 

The GMA102A offers the same preci- 
sion graphic displays offered by the 
GMA101A, with the addition of 
store-refresh. Along with stored 
graphics, up to 1500 inches of 
refreshed vector can be displayed 
with the GMA102A. 

Combined storage-refresh dis- 
plays have been made possible by 
the development of a DVST tech- 
nique called write-through. Using 
write-through, intensity of the elec- 
tron beam is slightly reduced to just 
below the storage threshold level. 
The beam then writes on the phos- 
\pr, but the image is not stored. By 
. arying the beam intensity, infor- 
mation can be displayed in a com- 
bination of storage and refresh . 

In the past, the chief disadvan- 
tage of DVST displays has been the 
inability to selectively edit the dis- 
play without erasing the whole 
"■reen. With the development of 
re- refresh, the GMA102A offers 
the best of both worlds: the low 
cost, high resolution graphic dis- 
plays obtained with DVST storage 
nd the selective erase obtained 
with refresh. 

This combined storage-refresh 
display will be useful in applica- 



tions where a moderate amount of 
display interactivity is required in 
the creation of very complex, high 
density graphics. These applica- 
tions include the design and layout 
of IC masks and printed circuit 
boards, newspaper page composi- 
tion, and map making. 

Costs versus refresh 

Designers of graphic display sys- 
tems have traditionally made heavy 
demands on display technology. 
Computer aided design systems like 
those used in map making, for 
example, require precise, high reso- 
lution, high vector density displays. 
Of the four presently available dis- 
play technologies — DVST, plasma, 
video (raster) and directed beam — 
only DVST and directed beam have 
been able to meet these demands. 
Both DVST and direct beam pro- 
vide high resolution (60 to 1 10 ad- 
dressable points per linear inch) 
and high density (from 3,000 to 
10,000 inches of displayed vector). 
Directed beam displays are by na- 
ture refreshed systems and thus 
also provide selective erase capabil- 
ity. DVST displays have tradition- 
ally been pure storage devices, with 
no refresh capability. The ability to 



store a display on the screen phos- 
phor, eliminating the need for 
costly refresh memory, however, 
allows the design of very low cost 
graphic display systems. The choice 
between DVST and directed beam 
has thus always been one of cost 
versus refresh. 

A new question 

With the recent reductions in the 
price of refresh memory, it appeared 
that directed beam displays were 
gaining on DVST in this competi- 
tion. Now that store-refresh has 
been added to the picture, DVST 
displays should continue to offer the 
most favorable cost /performance 
combination for many years to 
come. System designers no longer 
will ask /'Do I need refresh?" The 
question is now, "How much refresh 
do I need?" 

A good example of an applica- 
tion of the combined storage- 
refresh capability of the GMA102A 
is its use in a computer aided circuit 
board design system. Displaying all 
the runs and pads of a six layer cir- 
cuit board with a refresh display 
requires a considerable amount 
of refresh memory. Using the 




Fig. 2. The sturdy waveform chassis permits the 19-inch screen to be oriented 
vertically or horizontally with a viewing angle of 90 degrees vertically or tilted back 
15 degrees. 
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High speed vector generation 

GMA102A, the circuit board layers 
can be designed and displayed one 
layer at a time in refresh. Once a 
layer has been brought-up and 
edited in refresh, it is stored on the 
display, and the next layer is started 
in refresh. This use of refresh and 
storage to build a circuit board 
allows selective editing of each 
layer, but requires only one-sixth 
the refresh memory (for a six layer 
board) of a directed beam display. 

To augment the write- through 
capability of the GMA102A, a high 
speed vector generator, option 42, 
and a high speed character genera- 
tor, option 43 , have been developed. 
These two options are available on 
separate circuit boards that plug 
into the spare circuit board con- 
nectors in the GMA102A. Complete 
digital interfacing to both these 
circuit boards eliminates the need 



for the OEM to design complex 
analog circuitry. 

Option 42 utilizes a digitally 
based hardware vector generator 
algorithm and an active deglitching 
circuit to provide clear, high speed, 
repeatable graphic displays. With a 
writing rate of 90,000 cm per sec- 
ond, up to 1 180 inches (3000 cm) of 
graphics refreshed at a 30 Hz rate 
can be displayed on the GMA102A 
using Option 42. Stored vectors 
can be drawn at up to 4000 inches 
per second. 

This hardware vector genera- 
tor provides theoretically 100% re- 
peatability for each refresh cycle, 
with less than 0.05% of a full line 
length non-linearity. Fifteen differ- 
ent dash patterns and two line 
widths are provided, 12-bit posi- 
tional resolution is used to achieve 
high precision positioning (absolute 
or relative) in 3.5 mil steps. The ac- 
tive deglitch circuit filters out noise 



at the digital-to-analog converter 
output to provide glitch free vec- 
tors. Besides drawing vectors to 
drafting-like standards, Option 42 { 
draws vectors that are smooth. This 
is achieved by illuminated spot 
overlap — an outgrowth of the higf 
addressability feature coupled with 
the essentially continuous nature of 
the GMA102A phosphor surface. 

Spot overlaps of 55%, worse case, 
are achieved on vectors written at 
even a 45 degree angle. 

Option 43 provides four char- 
acter fonts and the ability to creator 
a display of over 400 refresh charai 
ters at a 30 Hz refresh rate. Both 
Opton 43 and Option 32 (a com- 
bined vector/character generator) 
feature interchangeable ROMs for 
alphabets and type faces. Made by 
Motorola, these ROMs can be pur- 
chased for different alphabets and 
type styles. The characters are 
created in a 7 x 9 dot matrix. In the 



Fig. 3. Simplified block diagram of the GM A102A. 
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Fig. 4. Example of the GMA101 A interfacing for use as a Graphic Work Station. 7 
Function Decoder is built by the user. v. H J. 



storage mode, Option 43 can gener- 
ate up to 7000 small characters 
(90 x 1 10 mil) and 2000 large 
characters (160 x 195 mil) per 
second. 

Option 32 is a storage-only 
^\tor/character generator circuit 
udard for use with the GMA101A. 

It can draw stored vectors (absolute 
addressing only) at up to 3940 
inches per second with 3.5 mil 
steps. It can generate 1000 large 
(160 x 195 mil) and 2000 small 
(90 x 100 mil) characters per sec- 
■^qd . A refreshed display cursor is 
^Jo provided. As with Options 42 
and 43, Option 32 features com- 
pletely digital interfacing, 

A practical, low cost, display 
exerciser is available as one of the 
support options. For OEMs, this 
exerciser is especially useful by 
their engineering group in verifying 
the display specifications and inter- 
facing requirements. It is also use- 
ful by the OEMs manufacturing 
group in incoming inspection and 
quality control. In addition, a vari- 
ety of other service devices and 
design aids, such as a breadboard- 
ing kit, are available for use by 
OEMs in making it easy for them to 
integrate the GMA displays into 
their systems. 

Plenty of room for added value 

The all-modular construction of the 
GMA series should be a welcome 
feature to OEM buyers. The wire- 
form chassis construction method 

selected because of its high 
,J*ength-to-weight ratio, its open- 
ness, and the ease with which it can 
be modified. Cables can easily be 
threaded throughout the unit and 
card cage; additional modules can 
be added with little trouble. 

The choice of vertical or hori- 
zontal display orientation is offered 
; Jno additional cost. Rackmount- 
ing is easily achieved. 

The low voltage power supply 
module includes easy line voltage 
selection, fusing, appropriate heat 
sinks and a cable to distribute 
power to the circuit module. How- 
ever, a line cord is not provided as 



OEMs desire the flexibility of con- 
necting the unit directly into their 
console power distribution units. 
The circuit module provides 
an interconnect board with room 
for six plug-in circuit boards. 
Enclosed in a card cage, it offers 
easy performance modification and 
convenient access to components 
for service. The additional plug-in 
slots provide space for further 
product development by either the 
OEM or Tektronix. Besides the per- 
formance options already men- 
tioned, this space could be used for 
a serial ASCII interface board, a 
keyboard interface, a micro- 
processor controller with local 
refresh memory, or a custom 
vector generator. 

Graphics solutions for today 
and tomorrow 

Tektronix has led the graphics dis- 
play market for almost ten years 
in the development of low cost, 
high performance graphic display 
systems. With the development of 
store-refresh in the GMA series and 
a solid commitment to the OEM 
buyer, we believe that DVST tech- 
nology will have a growing impact 
on the graphics display market for 
many years to come,^ 
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New Products 



Finite Element Modeling 
System Reduces Model Building 
Time and Cost 




The TEKTRONIX FEM181 Finite 
Element Modeling System is 
designed to reduce the time it takes 
to build models and eliminate the 
time-share costs usually incurred 
by this activity. The FEM181 oper- 
ates independent of the host com- 
puter* It allows the structural 
analyst to create models, for exam- 
ple, of a wheel or motor mount, 
wing or turbine blade', verify its ac- 
curacy, and format the model data 
into a form compatible with the 
input requirements of the host finite 
element analysis system. Once the 
data has been formatted, it is trans- 
ferred to the host computer. 

The basic system consists of a 
19-inch storage-refresh cathode ray 
tube display, a terminal keyboard, 
a 10 megabyte disc memory, hard 
copy unit, and the flexible, finite 
element modeling software pack- 
age* The software package is 
designed to speed model building, 
provide the analyst with a variety of 
modeling options, and make the 
system easy to learn. 

For further information on the 
FEM181 , use the inquiry card ac- 
companying this issue. 



DL2 and DL 502 Digital Latches 




Digital latching capability is now 
available for the 7D01 and LA 501W 
Logic Analyzers* The TEKTRONIX 
DL2 and DL 502 Logic Analyzer Di- 
gital Latches are designed to detect 
glitches in data that cannot be cap- 
tured by the logic analyzer alone. 
Glitches as narrow as 5 ns can be 
latched and expanded for easy 
detection. 

The DL2 is designed to plug 
into the 7000-Series Oscilloscopes 
and the DL 502 plugs into a TM 500 
Mainframe. The latches enable the 
user to asynchronously capture 
pulses shorter than one sample 
interval, and both feature 16 chan- 
nel latching capability. 

A Versatile, New Digital Tester 

The new TEKTRONIX 851 Digital 
Tester is a portable, easy-to-use di- 
gital tester ideal for field service 
and production testing. The 851 
combines many of the functions of a 
DMM, counter, timer, logic probe, 
thermometer, and an oscilloscope 
in a single package weighing only 13 
pounds/16 kg. One knob allows you 
to dial22 different functions. 




Eleven functions measure timing, 
two register plus and minus peak 
voltages, three carry out DMM 
measurements through separate 
leads, and one reads line voltage at 
the outlet. Another function allows 
you to take temperature meas- 
urements with an optional temper- 
ature probe. The 851 also makes 
four self-measurements to correctly., 
adjust each of its four input thresli 
olds to the logic levels of the 
equipment under examination. 

Altogether these functions 
allow you to: 

* Measure system parameters. 

• Check for signal activity* 

• Correct synchronization 
problems in 
electro-mechanical 
subsystems through 
adjustment or repair. 

* Identify boards or compon(. 
parts of the system in need of 
replacement. 

The measurement capabilities 
of the 851 make it particularly suit- 
able for servicing computer periph- 
erals, small business systems, and 
industrial control equipment. 
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1 he digital products population is 
exploding. And how to effectively 
service these products is of prime 
concern to both suppliers arid users, 
A substantial share of service ac- 
tivity in digital systems is devoted to 
maintaining and adjusting elec- 
t ro m ec ha n i ca 1 de v i ces a s w e 1 1 as 
troubleshooting computer periph- 
erals, point-of-sale terminals, mi- 
cro processor systems, and other 
subsystems. This calls for the use of 
several types of instruments— -oscil- 
loscopes, counters, digital mul- 
timeters, logic probes, and usually 
some Specialized instruments* 

Flic Tektronix 851 Digital Tester, a 
new concept in service instruments, 
was developed to meet such a need 
— increasing the customer service 
engineers effectiveness and effi- 
ciency in performing routine pre- 
ventative maintenance, non-routine 
alignment and adjustment, and 
troubleshooting. 

The major design goal was to in- 
corporate the needed measurement 
capability in a lightweight portable 
package that would be easy to carry 
easy to use, and highly reliable. Easy 
to use dictated that front panel con- 
trols be kept to a minimum, and that 
they be easy to understand and op- 
erate. 1 1 was decided that every 
measurement should be converted 
loan unambiguous numerical read- 
out that would enable the operator 
l o quickly determine normal or 
faulty operation right down lo the 
component level. 

Considerable effort was put into 
human engineering to tailor the £51 
to the varied work environments en- 
countered by the customer service 
engineer* The sloped -front-panel de- 
sign was chosen to yield a large 
front-panel area providing an un- 
cluttered appearance and easy ac- 
cess to controls. It makes the unit 
convenient to use whether iCssitting 
on the floor, the workbench, or a top a 
computer cabinet. A further advan- 
tage is that storage space can be 
provided for probes and accessories 
without adding to the overall di- 
mensions of the unit* 

There are very few controls on the 
front panel, the most prominent 



being the FUNCTION switch. Wi'h 
this single control, twenty-two func- 
tions can be selected — eleven mea- 
sure timing, two measure plus and 
minus peak voltages, three perform 
DMM measurements, and one reads 
line voltage supplied to the 85 L Four 
positions measure threshold volt- 
ages on the three counter probes, 
a n d l he fi nal p os i t i on m ea s u i ■ es 
temperature using an optional tem- 
perature probe* There are three sets 
ol probes that are used with the 851 
— three counter probes for channels 
A, B, and C, two DMM probes, and 
the optional temperature probe* Ex- 
cept for the DMM and temperature 
measurements, most measurements 
are made using Channel A* Channels 
U and C are used lor some timing 
functions, and the gating of Channel 
A signals, 

Operation is greatly simplified by 
the color coded FUNCTION switch, 
channel control areas, and probes. 
The colored bands on the FUNC- 
TION switch correspond Lo the col- 
ored bands on the probe, or probes, 
lo be used for a particular function. 
You will note that for some oft he 
timing functions all three probes 
arc used , 

There is a minimum number of 
controls for each channel — just a 
SLOPE switch and THRESHOLD 
control. There are no attenuator, 
gain, or coupling controls to worry 
about* Since some measurements 
require sensing both HI and LO 
levels, Channel A is provided with 
l wo I 1 H R ES H O L D con t rols . The L w< ) 




Rg, 1 The skiing (mat panel of the 851 pro* 
good visibly ardeasy access lo coolrds wh 
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thresholds can be made to track by 
setting the LO threshold above the 
HI threshold. A front-panel light in* 
dicates when you are in this mode. 
The threshold levels may be set over 
a range of -30 to +30 volts with a 
resolution of 10 millivolts, by setting 
the FUNCTION switch to the ap- 
propriate position and reading the 
threshold voltage on the display, 
Each THRESHOLD control has a 
detent position present forTTL trig- 
ger levels* 

Logic state indicators for each 
channel provide a logic probe capa- 
bility for the 851 . Channel A has 
three indicators — HI* LO* and X for 
signal activity in the in-between 
state* Channels Band C have only HI 
and LO indicators. Either of these 
two channels can serve as a logic 
probe while Channel A is being used 
lor another measurement* 

There is one other variable control 
on the front panel — the INPUT FIL- 
TER, Digital signals often contain 
noise generated by race conditions, 
ripple counters, etc. While these sig- 
nals are not targe enough to affect 
circuit operation, they could be 
sensed by the wideband ampli Iters 
in the 851 and cause erroneous 
measurements* To prevent this, the 
input filter can be set to reject sig- 
nals having a duration of less than 
50 nanoseconds, up to as much as 
300 nanoseconds* It can also be 
turned off to accept all signals above 
14 nanoseconds. The filter operates 
on Channels A, B, and C* 





Fig. 3 Tne + PEAK function measures the most 
positive peak ot the input signal. The display will 
show a negative number if me most positive peak 
happens to be a negative voltage as in this exam- 
pie. 

In keeping with the goal of provid- 
ing an unambiguous readout for all 
measurements, the 851 is com- 
pletely autoranging* The FUNC- 
TION switch is color coded to indi- 
cate the proper probes for the meas- 
urement and brings the necessary 
circuitry into play to convert the 
input signal to an appropriate dis- 
play. The readout is a large* bright* 
five-digit LED display* Timing 
measurements use all five digits* 
while the DMM provides 4*/i digits* 
The display is updated three times a 
second Fur most functions, For tim- 
ing or gated Functions, the display is 
held until a new measurement oc- 
curs; t he display for any measure- 
ment may be saved indefinitely by 
putting the DISPLAY switch in 
SAVE* A CLEAR TEST position 
clears the display, resets the coun- 
ters to zero, and gives a test reading 
of ±8.8*8 ,8*8 to verify proper opera- 
tion of the readout . The autoranging 
fund tun can be deactivated by plac- 
ing the RANGE switch in the MNL 
mode* This is sometimes desirable 
tu prevent the readout from chang- 
ing ranges while making adjust- 
ments to equipment* 

Self test an important feature* 

Tne ability to quickly determine the 
operating condition of your lest in- 
strument can often save many 



wasted hours of troubleshooting. 
The CAL OUT signal provides such a 
capability for the 851 * When all of 
the probes (except temperature) are 
attached to this signal, you can step 
through all t he functions and get a 
unique reading for each function 
that assures you the the instrument 
is operating properly The CAL OUT 
signal is dependent on the setting of 
the FUNCTION switch. In the + and 
- Peak V positions the output re- 
mains at + 8 volts for two seconds* 
then alternates between +8 and -4 
volts at a 5 kHz rate for eight sec- 
onds. This special feature is used to 
compensate channel A input for ac- 
curate measurements. For the other 
functions the output alternatesat a 5 
kHz rate continuously* 

A look at the functions. 

With this brief overview let's take a 
look at the functions performed by 
the 851 -Specifications for the 851 are 
shown at the close of this article so 
they will not be discussed in detail 
as we consider the individual func- 
tions* 

The digital multimeter functions; 
dc volts, ac volts, and resistance are 
performed by the DMM section of 
the 851. The DMM inputs are fully 
floating and rated at ±500 volts 
peak. Considerable effort was ex- 
pended to ensure the 851 would 
maintain measurement accuracy 
and safety specifications over the 
wide range of humidity and temper- 
ature expected tu be encountered by 
a service-type instrument* Compo- 
nents such as precision thin film at- 
tenuators for the front end, relays for 
the autoranging circuitry, and Teflon 
IC sockets, wires, and solder cups for 
making connection to the circuit 
board were all selected to ensure 
conformance to the rigid specifica- 
tions* 

Several functions use the dual 
slope analug-to-digilal converter in 
the DMM to measure the signal but 
do not use the DMM input probes. 
These include plus and minus peak 
voltage, percent duly factor* 
threshold levels* line voltage, and 
temperature. The + and - Peak V 
functions provide a direct readout ol 
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the most posi tive or negative peak of 
a repetitive signal applied to Chan- 
nel A input. The positive peak does 
not have to be a positive voltage, For 
example, 3 volts may be the posi- 
tive peak of a signal whose average 
level is -5 volts dc. The converse is 
true for negative peaks. 

The measurement is accomp- 
lished by comparing I he input sig- 
nal to a dc voltage from t he peak 
detector circuit, instead of to the 
voltage from the THRESHOLD con- 
trol, If the input signal peak exceeds 
Ihis dc level, the peak detector in- 
creases the dc voltage* Conversely, if 
the input peaks do not reach this dc 
level for a set period, t he voltage is 
decreased. The resulting dc voltage 
is measured by the analog- to-digital 
converter portion of the DMM. 

The Percent Duty Factor function 
averages the time the input signal is 
above or below the Channel A 
threshold setting and displays it as a 
percentage on the digital readout. 
The slope switch setting determines 
whether the measurement is the 



percentage of the lime the signal is 
HI or the percentage of the time it is 
LG, Duty factor From 0 to 100% can 
be measured at dc and over a range 
from 40 Hz to 10 Mhz. 

Frequency measurements are also 
made using Channel A, Frequencies 
up to 35 MHz can be measured to an 
accuracy of ± 0.005% of reading 
± I count. 

The next three functions — Period, 
Width, and Transition Time are tim- 
ing measurements which involve 
the counting of an internal 100 MHz 
clock These measurements are 
made using Channel A only and in 
much the same manner as using a 
counter. The slope switch setting de- 
termines whether the positive or 
negative pulse width, or the rise or 
fall time is measured. Minimum 
measurable pulse width and transi- 
tion time is 20 nanoseconds. 

The Totalize function is similar to 
that found on other counters and is 
performed using Channel A, The 
DISPLAY switch is used to start and 
stop the count. The CLEAR TEST 



position of this switch serves as a 
reset, and as a test function for the 
display. The readout is updated 100 
times a second for this function. 

The functions we have discussed 
l hus far require only the use of 
Channel A, The next five functions 
use two, and sometimes all three, 
channels to make the measurement. 

Frequency Rat io A/C uses Channel 
A and C inputs. This measurement, 
basically, counts the number of 
events on Channel A that occur dur- 
ing the period of one event on Chan- 
nel C. A typical application for this 
function is checkings divkle-by-M 
counter. The measurement can be 
made even when a random clock is 
used. 

The A Count (B— *C) and A Transi- 
tions (B~ >C) functions use all three 
inputs, with Channels B and C used 
to gate the measurement of a signal 
on Channel A. The threshold and 
slope settings on Channel B define 
the start of the gate while those on 
Channel C define the termination. 

The two measurements arc simi- 



Countur 
I rip Li I ■ 

T - 1 



I MHz Clock 



Tomperalurc 

Probe 




■ . 5 kHl to 

Mnatfjr ■ Calibrator 

Clock ■ 

Clocks lo Counter 

Source Selection 



Do Volta sea 



Control Linos. 



Dc Voltages from 




Counter Input 


Control Llnoa 



To Calibrator 



iSSkhteDMM Clock 



Globe 



DMWI Range SalsDt 



DMM Ovorrango 



Clock to Digit Select 



^ Data/Conlrol 

— Linos ► 

H ]f ^ 

ri rs 

Sofectlon 1 1 1 

Function Info 

vrn 




Strobed BCD 



Digit 

Select 



Counter 
Ran go 
Select 



3 



5 k Hi 



From Function 
So lector 



3 



Rangy Iniormotlon to 
la play U 
Ronye I 



Display Logic and 
s Light* 




Calibrator 



Calibrator 

Output 



Fig, 4, A simplified block diagram of the 651 ♦ 



5 





Fig, 5. Tracking of the eight liter cells is enhanced by placing individual cell current 
sources on a common substrate. Source current establishes discharge rale of Cl deter- 
mining pulse width that is passed to point B, 



larwith the exception that ihe tran- 
sition function counts each time the 
A input signal traverses from LO to 
HI and each time it traverses from 
HI TO LO as determined by the 
Channel A threshold settings. 

The transition counter can be a 
powerful digital troubleshooting aid 
with a little advance preparation* 
Transition counts can be taken on a 
known good instrument and re- 
corded on the logic diagram* The 
gating points for Channels B and C 
arc also noted. When a problem oc- 
curs, verifying the transition counts 
can often lead quickly to the prob- 
lem area or faulty component* 

The final two timing functions. 
Time (B-*C) and Time (BC) use 
Channels B and C to gate an internal 
clock which is counted and dis- 
played. Time (B— >C) measures the 
time between two events, while 
Time (B*C) measures the time two 
signals are in coincidence. Coinci- 
dence provides a quick means of 
making measurements of Four dif- 
ferent logic combinations; B and C* 
R and C, B and C, and B and C, sim- 
ply by I he appropriate choice of 
Channel B and C slope switch 
settings* 



The four Threshold funct ions pro- 
vide a convenient means of setting 
the individual threshold controls 
without the need for applying the 
input probes to a reference source* 
Each control has a detent position 
preset to a TTL level (0.7v for A LO* 
2 ,1V for A HI, and I A V for B and C)* 
The threshold voltages can be set 
over a range of 30 to +30 volts with 
a resolution of ± 10 millivolts. 

Line voltage fluctuations and low 
line voltage often cause equipment 
malfunctions* With the 851 powered 
from the same outlet as the equip- 
ment under lest, the Line V function 
provides a quick, safe means of 
measuring the line voltage. An 
internal connection applies line 
voltage to the DMM circuitry for di- 
rect readout; there is no need for an 
external probe. 

Temperature is an optional meas- 
urement capability available on the 
851. This is often the fastest tech- 
nique to use in locating a faulty 
component* It is usually a compari- 
son type Lest — looking for a compo- 
nent that i*s considerably hotter than 
its neighbor* Surface temperatures 
can be measured over a range of 
-55° to + 1 SOT. 



The block diagram. 

A simplified block diagram of the 
851 is shown in Figure 4. All of the 
measurements made by the 851 arc 
converted to digital information and 
displayed on the 5-digit readout. 

The Counter Input accepts signals 
from the Channel A, B* and C inputs* 
Depending on the function selected, 
the Counter Input supplies pulses to 
the Counter, gates the Counter while 
it counts internal clock pulses, or 
supplies de voltages to the digital 
multimeter (DMM) for conversion to 
d ig i i a I informa tio n * The D M M uses 
a conventional dual slope conver- 
sion technique* 

Au I orangi n g , an i m port ant fea - 
lure of the 851, operates on all of the 
functions. It automatically selects 
one of eight possible operating 
ranges. Mol all r anges are permitted 
for each function* Maximum and 
minimum sunge logic prevents au- 
tomatic change toon illegal range* 
When switching from one function 
to another the range selected for the 
previous function may be illegal for 
the new function* An illegal state 
logic circuit senses this condition 
and presets the range to one suitable 
for the selected function* 

The Counter is a 100-MH/* counter. 
The signal to be supplied to this 
counter is selected by the counter 
source selector logic* ll may be the 
signal from Channel A input, the 
DM M clock r or some frequency up to 
100 MHz from the master clock. In 
all functions except DMM, the 
maximum count displayed is 99999. 
In DMM functions* the count is re- 
stricted to 19999 The binary- 
coded-decimal (BCD) output of the 
counter -is strobed in to storage regis- 
ters and t hence to the display* 

The display consists of five seven- 
segment , half-inch, LED displays 
and four LED range lights, A BCD io 
seven-segment decoder driver con- 
verts the BCD information from the 
storage registers to signals which 
drive the seven -segment display* A 
digit -select logic signal gates one 
storage register and one seven- 
segment display at a time so only 
one BCD to seven-segment decoder 
driver is needed. Leading zero sup- 
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pression blanks leading zeros in the 
three left positions except for the 
first zero to the left of a decimal 
point. The display is updated three 
times a second for most functions 
and 100 limes a second in Totalize* 

The Master Clock oscillator is a 
crystal -control led oscillator wilh 
100 MHz output , The output is buf- 
fered and passed through a differen- 
tial amplifier to shift the output 
from ECL to TTL levels and provide 
some waveshaping, One output of 
the differential amplifier is applied 
to a frequency divider string for di- 
vision as needed to operate the vari- 
ous 851 circuits. The other output is 
applied to the counter source sel ce- 
ll on logic where it can pass directly 
to the d ec a de cou n te rs for the Liming 
functions* 

Some unique circuitry 

While many of the circuits in ihe 
851 are typical of technology in 
common use today there were some 
unique problems to be solved. The 
input filter is a good example* 

Each input channel requires l wo 
input filter cells * — one for positive 
going pu Ises a n d o ne fo r nega t i ve- 
going* (Channel A lias an extra set of 
filter cells to accommodate the addi- 
tional logic light function.) This 
means we need eight individual 
filter cells, all controlled from one 
front-panel control* The problem 
was how to get all eight filter cells 
to track. 

The filter is a pul sc- width, not a 
bandpass type filter. Basically, all 
eight individual cells are controlled 
by two adjustable current sources 
(one for each group of tour cells). A 
current source and typical filter cell 
are shown in Figure 5. When the 
filter is turned on, current is 
supplied by QI01A, U101A, and 
U101B to Q 102 , establishing a charge 
on Cl that sets the output level at 
point B. Point B drives an output 
11 ip-flop. When the input signal at 
point A goes Hf , 0102 turns on hard- 
er rapidly charging CL The output at 
point B naturally follows* When 
input A steps LO, Cl starts to dis- 
charge at a rate established by the 
current supplied by the current 
source* Now if input A steps HI again 



before point B goes low enough to 
trigger the output flip-flop, the nega- 
tive going pulse appearing at the 
input will be ignored. 

Since the current source is the key 
to determining the pulse width to be 
passed, the solution Lo getting the 
filter cells to track lay in supplying 
equal currents to each cell. This is 
achieved by placing the two master 
current source transistors, Q101A 
and QIQ1B, on a common substrate. 
The individual cell current sources 
are placed on two substrates con- 
taining five transistors each. The 
current in U101A will be mirrored in 
UI01B, C, D, and E providing the 
same current to each of four cells* 
The capacitor; CL i$ variable to 
compensate for small differences in 
currents and stray capacitances. 

With the filter on and maximum 
"on" current being supplied from 
the master current source, the filter 
will pass pulses 50 ns or longer in 
duration, shorter duration pulses 
are filtered out. With the filler 
turned off, the emitters of the 
matched current sources U 1 0 1 A , B p 
C, Dp and E are grounded and the 
source current is determined by the 
value of Rx. This current is much 
larger than was supplied by 0101 A 
and enables Cl to.discharge fast 
enough to pass all pulses delivered 
to the filter, With the filter off, at high 
current, the stored charge of Q102's, 
base-to-e mm iter junction helps 
speed up the discharge ol Cl en- 
abling very short pulses to be passed 
to point B, 

The Peak Voltage detector cir- 
cuitry in the 85! is of interest in that 
it does not use the conventional 
sample and hold approach; it re- 
quires a repetitive signal of 40 Hz or 
more. The circuit will respond to 
peak signals of 25 nanoseconds or 
longer. This requires the detector to 
respond rapidly to changes, and yet 
maintain the input level if no 
changes are occurring. 

In Peak functions, the output of 
the input comparator goes to a Tek- 
deve loped hybrid circuit that 
stretches the input signal to about 
50 microseconds. The output ol the 
stretcher charges a capacitor in 



small steps each i ime a signal is 
sensed, with the resultant dc voltage 
fed hack to the inverting input of [he 
input comparator, The feedback 
voltage will increase until it is 
higher than the peak of the signal, 
then no further increase will occur* 
If the comparator input signal 
does not cross the inverted input 
level within 25 milliseconds! the 
capacitor is discharged rapidly via a 
timing circuit, pulling down ihe 
feedback voltage until the hybrid 
stretching circuit receives a signal* 
The feedback voltage will then be 
equal to the input voltage peaks. The 
dc level fed to the inverting input is 
filtered and routed to the DMM for 
conversion loa digital readout of the 
p e a k i ti ea s u re m e n t . 

Safely and reliability. 

Much of the 851 design effort re- 
v o I v c d a r ou n d ke e p i n g po w e r u sage 
low to eliminate the need lor a fan, 
and keeping reliability high. The 
majority of integrated circuits in the 
851 are pretested and then soldered 
in* Extra space is provided for the 
DM M positions of the FUNCTION 
switch to prevent arc-over from high 
voltage inputs to sensitive circuitry. 
We have already discussed some of 
the steps taken to ensure meeting 
specifications over a wide range of 
temperature and humidity* 

The DMM input and probe con- 
nectors arc designed for maximum 
operator safety* Extra protection has 
been employed to prevent coming in 
contact with the signal voltage even 
when the probe is removed from the 
instrument while still attached to 
the circuit under test. The unique 
connectors for the counter probes 
also assure (he probes will remain 
with the 851 instead of being bor- 
rowed for another instrument. 

Summary 

The 851 was designed to provide t he 
customer engineer with a multi- 
function test instrument that would 
be easy to use, highly portable, 
highly reliable, and enable him to 
complete his service function cm the 
first call in must instances. That's a 
big order. We're confident the 851 is 
equal to the task* 'Sj 
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851 

Specifications 

Electrical 

Inputs 

fACV, DCV. 1?) 

Resists ncn And Capacitance — 10 MU ±1% and ap- 
prox, TOO pF, Red lo hlack terminal. {Volts only) 

Max Srife Input Voltage (<1 kHz) — 

±800 V {po*.ik| rod terminal Lo ground. 

±500 V (peak) black terminal to ground. 

±600 V (peak) red Id black luminal. 

±250 V (peak) rod to black lorminnl in ft fund inn. 



TIL Nominal, in detoni position) - input A LO + 
0.7 V; HI 4* 2.1 V, Inpul B and C +■ 1 .4 V. 

Input Filter 

(Narrow pulse rsjecllan) max inpul rop rale for pules 
rejocilon 20 MHz, 

Range — * off and 50 ns ± 20% to >300 ns. 

Channel la channel delay mismatch: :io0% of sot* 
ting. 

+ , “ Peak Volts 

Rungs — * ±30 V 

Accirncy — ±2% of reading ±3% ol p-p signal ±90 
mV. Max lima holwoon recurrent peaks, 25 ms. Peek 
amplitude rmisl be maintained lor at least 25 ns. 

Ex landed temperature range add ±1% of reading 
±1% of f>-P algnel ±10 mV 



Resistance 

Ranfleii — 200 ft, 2 k ft, 20 kU, 200 k!J ( 2 MU, 20 Mil, 
and 50 MSI. 

Accuracy — 

200 ft. 2 k«, 20 kSl p 200 kft: ±0,3% of reading ±4 
coup is (plus probe resistance} 

2 Mil: ±0.5% of reading ±4 coon la. 

20 MSi: ±5% cl rending ± 10 cDcrils. 

50 MO: ± 10% of reading ±20 counts. 

Extended lomparaturu range: add 0.2% on 200 12 
through 2 MSi and 5% on 20 Mil and 50 Mil ranges 

AC Volls 

(Average responding RMS calibrated lor sine wave.) 
Ranges — 2 V. £0 V. 200 V, an c 35C V. 

Accuracy — - 
2 V and 20 V: 

±0.5% or reading ±4 county 40 Hz La 1 kHz. 

±2% of reading ±4 counts, 1 kHz La 25 kHz 
>9% full scale. 

200 V and 350 V: 

±0.5% of reading ±4 counli. 40 Hz lo 1 kHz. 
Extended temperature range; add ±0.2%. 

DC Volls 

Ranges — 2 V, 20 V r 200 V. and S00 V 

Accuracy — 

2 V, 20 V and 200 V; ±0.1% ol reading ±3 counis. 
500 V: ±0,15% of reading ±3 counts. 

Extended tempo rat urn range: add ±0.05%. 



Frequency 

Ranges — 100 kHz (1 Hz resolution), 1 MHz, 10 MHz, 
and 3S MHz, 

Accuracy — ± 0.095% of reading ± 1 count. 

Time Measurements 

(Period, pulse width, transition lima, time Interval, and 
coincidence lima.) 

Ranges-^ 1 mn (10 ns resolution), 10 ms, 100 ms, I s, 
and 10 s. 

Minimum Time Internal — 20 ns. 

Accuracy — ±0.005% n| reading ±1 count ± Trigger 
Error. 

Trigger Error — 

± Threshold Ej^on 

d /d' of signal: at time start threshold 
t Threshold Erron 

rWd 1 nl signals al lime slop threshold 
± input llltnr salting 

Counting 

(Totalize, frequency ratio, events count, and transi- 
tions count.) 

Range — 0 to 09,099 

Max Input Frequency — 35 MHz (except 17.5 MHz for 
Iran* Eton counting}. 

Accuracy — ±1 count, ±A input event or transition 
frequency muIMpllpd by the Time Interval Trigger 
Erron, 



Normal-Mode Rejection Ratio 

(Dc volts)— >60 dB cnl 50 to B0 Hz For peak ampli- 
tude <5X lull scale, 

Common-Mode Rejection Ratio 

{Ac and Dc volts) — >00 d0 al die; >60 dB at 59 Id 60 
Hi; >52 dB on 350 V, 

Line Voltage 

PangQ — 90 lo 132 V and 160 to 250 V, 

Accuracy — ±3% Of loading 



Duly Factor 

Range — 0 to 100% 

Input Freq Range — 40 Hz to 10 MHz. 

Min pulse width (HI and LO portions] — 50 ns. 



Accuracy - 



±3% ± IH99^ror, I t ra 
Pulse Period 
_ 300 Ps 
Pulse Width ° 



Temperature 

Range ■ — —65° to + 1SG & C. 

Accuracy — ±2°C |0.01 rt resolution). Extended tem- 
poratura range: add ± 1°C. 

Inputs 

(3 probes; one for each channel A H B, G.) 

Resistance and Capacitance — 10 Mil and approx 12 
PF. 

Max sate input voltage — ±500 V at probe tip {<59 
kHz) 

Threshold Levels 

Variable (4 controls) range: ±30 V; sohabiiily ±19 
mV. 

Threshold Error — (Max diiforenco between a dlg- 
plnyod threshold vollngo or TT„ threshold voltage and 
the actual signal voltage at threshold crossing.} A 
Inpul (HI find LO THRESHOLDS): ±100 mV ±2% Of 
threshold voltage ±3% of the signal voltage (p-p) for 
pulses al least 14 ns wide at the threshold B and C 
Inpuls: ±109 mV ±2% of ihreshold vollage ±0% of 
the signal voltage {p-p) lor nub os al local 14 m wide 
al the threshold. 

Extended temporuturu ranges: add ±20 mV ±2% Of 
signal vollage |p-p}. 



Mechanical 



Dimensions (approx) 


cm 


In 


Width 


33 


13 


Hplghi 


31 


ia 


Depth 


10 


7 


Weight 


kg 


lb 


No* 


6 


13 



Power Requirements 

Ling Vollage Range — 90 lo 132 V or 139 to 250 V. 
Frequency — 4fl Hz to 449 Hz. 

Power Consumpliun — 57 walls max 

Environmental Capabilities 

AmbleM Temperature — Operating: ±15°C to T4G P G, 
Nonoperallag: — 40°G lo ± 75°C. Extended operating 
range: + 5*C to +60 fl C, 

Ahltude — Operating: lo 1D.0GQ ft. Nanopemilng: Lo 
35,000 It. 

Vibration — Operating: 15 minutes along each of Ihu 
3 major axos, QG ern (0.025 In) p-p displacement (4 
g's al 55 Hz) 10 to 55 to 10 Hz In 1 minute cyclos. 
After cycle vibration In each axle, hold frequency 
steady al 55 HZ for 10 minutes. All ma|or resonances 
must bo above 55 Hz, 



Humidity — To 90% al 3D D C Toklronix Test Method 
#1 90% relative humidity at 3Q°C lor 4 houra. 

Shuck — * Two shucks at 30 g's, Vi sine, 11 ms du fa- 
llen, each direction along oech rna|or axis. Total of 
12 shucks, 

EMI — Rolorcnco Mil Standard 4G1A-452 suscopll- 
bliiiy ns specified. Conducted emission, relax in dD. 
Radiated amission, relax 15 dB <109 MHz and ralax 
25 dB >100 MHz. 

iSoa Threshold Error under Threshold Levels. 

?Ftoier Lo the epproprialo input (CH A, CH 0. Of CH C| 
lor tho moasurement being made, 
j Son Trigger Error under Time Moastirehionla. 

Display 

Reodoul 

Type — • 5 digits, fully buffered 7 scgmoftl. 0,5" LEDs. 
Polarity Indteallort — + for poaillvfi roodings. - for 

negative readings. 

Ovorrange Inilcallon — Dlaplny flaBhes. 

IIP Ranging — Up ranging occurs at 100% of display 
range. 

Down Ranging — Down ranging occurs at 9% &f volla 
and ohms ranges, and 8% of llm& and frequency 

R^ngc indie, liors — LEDs show fimcilon ranges In 
tL ki] MD. MHz, kHz. ms. as and V, 

Logic Stale indicators — Rad, yellow, and green LEDs 
show valid Find invalid logic slate inputs for CH A 
Red and groan LEDs show logic slaies above o r below 
tho threshold set for CH B and C. Any stale change 
indication Is sustained long enough Lo be visible 

Threshold Lock indicator (LO > HI) Rod LEO Indi- 
cates when CH A LO And HI thresholds are locked 
together (LO ihreshold selling Is higher than Ihp HI 
soiling}. 

included accessories 

Three signal probes j9iO-G2BQ-00), two DMM probes 
(012-0732-00). 
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A New Concept in Data 
Representation: The 
Complete Integration of 
Graphics and 
Alphanumerics 




If Product Marketing Manager tor 
4020 Senes During most of hts ton /ears at 
i he served to various sabs and service 
MclfIM with Tektronix Ltd In Australia Re 
stng to the U.S he spent a year to the Intern a 
r&l Seles Office before joining the Information 
'piety Group to his present capacity 



Th t use of computer graphics is 
nothing new to engineers, scientists 
and educators. For years they have 
been using graphics display termi- 
nals and computer controlled plot- 
ters for such applications as display- 
ing three-dimensional structural 
models, drawing graphs of statisti- 
cal functions, or illustrating the var- 
ious concentrations of minerals in a 
soil sample. 

Now with the increasing empha- 
sis on analysis, planning, and data 
display in all corners of the business, 
educational, and governmental 
community, a whole new group 
of computer graphics users is 
emerging. 

A new way of selling a concept 

A few years ago, for example, the 
president of a large national bank 
came up with an innovative applica- 
tion for computer graphics. One of 
his responsibilities was to meet with 
prospective clients — people who 
were thinking of using the invest- 
ment and trust services of the bank. 
After a few minutes of bantering dol- 
lar amounts and percentages about 
with these potential customers, 
however, he noticed that their inter- 
est would often begin to wain. He 
considered this problem and de- 
cided that the bank must find a more 
dramatic, easy -to-unde rs tan d man- 
ner of presenting their banking and 
investment concepts. 

On the advice of the head systems 
analyst at the bank, he authorized 
the purchase of a Tektronix graphics 
display terminal and put a pro- 
grammer to work writing a set of 
programs to display investment 
data. 

A few days after the system was 
complete, the bank president was 
again asked to meet with a potential 
investor. This lime instead of telling 
the bank's story, he and the prospec- 
tive cl lent sat down at the terminal 
together and lie showed him the 
story. He first drew graphs on the 
display screen of various national 
financial statistics such as the GNP, 
inflation rate, and Dow Jones aver- 
ages over the past 10 years. Then he 
displayed graphs of the financial ac- 



tivity of his bank over this same time 
period — assets, sales, earnings 
per share. 

Next he turned the keyboard over 
to one of the bank's investment 
counselors. He showed the potential 
customer a variety of investment 
plans that the bank could undertake 
for him, and graphs of the probable 
rate of return on his investment for 
each. At the same time, the invest- 
ment counselor made copies ol ihe 
graphs of each of these plans with a 
Tektronix hard copy unit. 

The result? The investor was de- 
lighted with i lie presentation and 
the bank got a new customer. 

A picture makes all the 
numbers clear 

Tektronix' graphic display terminal 
solved this bank president's prob- 
lem for one basic reason. Graphic 
displays are much easier to interpret 
than lists of numbers. They show us 
immediately die trends, cycles, 
peaks and valleys. They allow us to 
quickly comprehend the situation, 
project into the future, and make de- 
cisions with confidence. They help 
us illustrate to others what we are 
doing, what we can do for them, or 
why a particular course of action is 
the best one. 

Though the power of a graph or 
chart to quickly and clearly com- 
municate information is well recog- 
nized, computer users in the past 
have shown more interest in the 
output of alphanumeric data from a 
computer, than in the computer's 
ability to create a graph ol that data, 
When a graph was needed, they gen- 
erally resorted to a pencil and a pad 
of graph paper. 

But now, as the sizes of data bases 
and models are increasing, and the 
time frames for decision making are 
decreasing, financial analysts, busi- 
ness operations managers, and 
economists, as well as engineers and 
scientists, are beginning to look for 
quicker, more efficient tools for rep- 
resenting data. 

An alphanumerics terminal or a 
graphics terminal? 

To satisfy this growing demand lor a 
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Fast, cost-effective method of pro- 
ducing graphs and charts of data, 
Tektronix developed the 4025 Com- 
puter Display Terminal — a com- 
pletely new concept in data repre- 
sentation, The 4025 is a raster scan 
(video) display terminal that pro- 
vides all the features of a high per- 
formance alphanumeric^ terminal 
such as data entry, editing, and 
forms fillout, and also provides the 
ability to translate data quickly and 
clearly into graph or chart form . It is 
really two terminals — a graphics 
and an alpha numeric terminal — in 
one. It sa gralpha terminal. 

The 4025 is the first terminal with 
graph i n g capa b ill ty desi g ned speci f- 



ically for the alpha numerics termi- 
nal user. It gives terminal users who 
are primarily interested in entering 
and manipulating words and num- 
bers the added capability of display- 
ing that information in easy-to- 
rn terpret graphs and charts. It an- 
swers the question, 'How do 1 justify 
the expense of a graphics terminal 
that gives me graphs quickly and 
efficiently, but that I'll use only 20% 
of the time?" The answer is that the 
other 80% of the time the terminal 
can be used for data entry, editing, 
forms lilt out, or on-line inquiry, just 
as is done with the strictly ah 
phanumerics terminals available 
today. 

The cost effectiveness of the 
gralpha terminal concept is further 
enhanced by making the 4025 up- 



wards expandable. Form fill out and 
graphing are offered as options to 
the 4025. They can be added to the 
basic terminal at any time. 

Part of a growing family 

The 4025 Computer Display Termi- 
nal is part of the new 4020-Series of 
raster scan terminals dev eloped by 
Tektronix, The series also includes 
the 4024, an alphanumertcs-only 
version of the 4025. The 4024 is pro- 
vided for use in multiple terminal 
configurations, where graphics is 
not required at each work station. 

Both of these terminals are mic- 
roprocessor based systems, in- 
tended for use as an Interface be- 



tween a user and a computer. The 
keyboard is connected to the display 
unit bv a thin flexible cable. The dis- 
play unit contains the communica- 
tions interface and possibly one or 
more optional peripheral interfaces, 
as well as the display electronics. 
Both the 4024 and 4025 provide ful! 
alphanumeric capability. 

The bright, 1 1 -inch diagonal video 
display provides the standard 80 
characters across and an unmatched 
54 lines deep, instead of the more 
common 24 lines. The 310 4, vertical 
to horizontal, ratio of the display 
area of the screen provides the ideal 
proportion for creating useful, at- 
tractive displays of any combination 
of graphics and a I phanumerics, A 
F39 phosphor is used on the display 
screen. Its green shade reduces 
fatigue from many hours of viewing. 



Its relatively long persistence re- 
duces flicker. 

The keyboard features a standard 
office typewriter layout rather than 
the ASCII configuration This layout 
was selected because it is more 
familiar to typists and other non* 
programmers. Also included on the 
keyboard is a numeric pad and 16 
user definable keys. Four of these 
user definable keys are pre- 
programmed to provide the stand- 
ard keyboard editing features — line 
delete, character delete, line insert, 
and character insert — at the touch 
of a finger. 

Forms fillout for fast, accurate 
data entry 

Forms filloul can be added to either 
the 4024 or the 4025 with the forms 
ruling option. Forms filloul is a fea- 
ture found on alphanumeric termi- 
nals (see Fig. 3), which allows the 
user to divide the display screen into 
specific areas called fields, A field is 
described by its location, length, vi- 
sual attributes, and logical at tri- 
butes, and may consist of at most 
one line. The fields are set off with 
ruling lines and alphanumeric 
labels. A programmer generally 
constructs a form locally and stores 
it in the host. The terminal operator 
then recalls the form from the com- 
puter with a command typed on the 
keyboard. With the form displayed, 
the operator can enter data or tables 
quickly and efficiently merely by 
tabbing through the form, Virtually 
any source document can be re- 
created with this forms ruling 
package. 

A complete selection of visual and 
logical attributes is included in the 
forms ruling package to allow por- 
tions of the screen to be highlighted 
or protected. The visual attributes 
include enhanced, blank, and blink- 
ing fields on the 4024, and on the 
4025, inverted and underlined fields. 
Logical attributes include pro- 
tected, modified, alphanumeric, and 
numeric only. 

Easy graphing 

The central theme in the design of 
the 4025 is to make it easy for the 
user to display graphics and al- 
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Fig. 2, The keyboard features a standard office typewriter layout pfus a numeric pad and 
sixteen user-defjnabie keys, In the LEARN mode, virlually every key can be programmed 
for another character or character string. 




Fig. 3* A forms ruling option for the 402 Snakes H a simple task I o re-create virlually any 
source document, 



phanumerics. All the hardware and 
software has been designed with this 
concept in mind. To fully under- 
stand how this concept has been im- 
pie men ted, the performance of the 
4025 can be divided into three func- 
tions: basic graphics, report genera- 
tion, and hard copy. 

For graphing purposes* (lie 4025 
display screen is divided into 64Q bv 
480 addressable points, providing a 
resolution of 71 addressable points 
pei linear inch (28 points per cen- 
timeter). This resolution is more 
than sufficient for creating clear; 
precise line graphs, bar graphs, and 
pie charts. 

To aid in making graphs, 

Tektronix provides its PLOT 10 Easy 
Graphing software package. This in- 
teractive package is highly user 
oriented, allowing even a novice 
terminal operator to generate com- 
plex graphs and charts with a 
minimum amount of training. Given 
a set ol dala.il is possible with I his 
software package to generate a 
graph in a Few seconds after answer- 
ing only a few simple questions. 
Axes can be scaled in any units and 
increments. Graphs can he made up 
of solid and a variety of weighted 
and textured lines. Variable shading 
and textures are also available for 
bar charts. Pie charts can be drawn 
with one section of the chart pulled 
out. 

A versatile report generation 
terminal 

The 4025 is the first computer dis- 
play terminal to truly integrate 
graphics and alphanumeric capabil- 
ity into one mainframe It provides 
the ability to create a display that 
combines graphs and charts with 
alphanumeric text and tables, and 
further, to scroll the graphics and 
a) phanumerics together. 1 

The concept of scrolling is proba- 
bly more familiar to users of al- 
pha numerics terminals. It is the 
ability to review page after page oF 
alphanumeric information as if it 
were on a scroll or roller. Most al- 
phanumeric terminals that offer 
graphics can scroll alp ha numerics 
only, When graphic information is 



displayed on such a system, it is on 
the screen in its set area all the time. 
If alphanumeric information is 
scrolled while graphic information 
is on the screen, the characters are 
written over the graph. The 4025 is 
the only terminal on the market to 
offer scrolling of both alphanumeric 
and graphics. 

An example of the convenience of 
being able to scroll both alpha- 
numeric* and graphics is in the dis- 
play of financial data . The graph of a 
particular function can be kept off 
screen and continually updated, 
while the user is filling out forms on 
the top part of the screen. When the 
user wishes to look at the graph, he 
merely scrolls it onto the screen. 

Two or more graphs can be dis- 
played on the 4025 screen at the 
same time, or a report can be created 



that provides a number of pages of 
text and graphs combined. This fea- 
ture is ideal for working with large 
bodies of text and graphics together. 
In this case the terminal user can 
define a different alphanumeric^ 
and graphics area for each page, fill 
in the words and graphs, then scroll 
through the various pages of data. 
Such reports are not only informa- 
tive but also very attractive. 

The size of i lie 4025 memory is the 
only limit to the number of graphs, 
charts, or text characters that can be 
displayed on the screen and stored 
in memory for later scrolling on 
screen. Both the 4024 and the 4025 
offer a minimum ol 4k of memory, 
expandable to 32k. With an average 
of 20 characters per line, up to 30 
pages of a I phanumerics and graphs 
can be stored in the full 32k memory. 
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Permanent hard copies 

When its time to save or distribute a 
graph or report, a number of Tek- 
developed copy and graphic display 
peripherals, which can be connected 
to the 4025 through I he peripheral 
interface, are available. 

The 4631 Hard Copy Unit, for 
example, duplicates on-screen and 
buffered displays of alphanumerics 
and graphics — up to 53 lines by 80 
characters on an by 1 1 inch piece 
of paper, Tektronix Hard Copy Units 
are dry copiers, as opposed to a line 
printer or plotter. The 463 1 produces 
a clear, sharp copy of the 4024 or 
4025 screen in a matter of seconds. 
The ability to copy both al- 
phanumerics and graphics makes 
these copies very useful for distribu- 
tion to customers and management 
or to keep for records. 

For detailed camera-ready 
graphics and alphanumeric output 
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Fig. 4. The concept of scrollng is presented in this 
artist's sketch showing graphics on-screen wilh 
data of *screen available lor instant viewing. 



— in 9 colors — the 4662 Interactive 
Digital Plotter can be selected. It 
produces ink copies of both graphics 
and alphanumerics. Copies up to 1 1 
by 17 inches can be made on paper or 
film For use in an overhead projector* 
You can view and edit information 
with the 4025, then when it is cor- 
rected, plot it with the 4662. 

The 4642 Printer is also available 
for copying alphanumerics output 
only. It ts designed Tor use with 
either the 4024 or the 4025. 

For large presentations, the 4024 
and 4025 can be connected directly 
to a video monitor or large screen 
video projector. 

Direct interfacing 

All the standard type of interfacing, 
such as RS-232C and current loop, 
are available for the 4020-Series 
terminals. Both the 4024 and the 
4025 are easy to interface to any 
computer, because they use 
English-formatted command se- 
quences. In an effort to get away 
from escape sequences, which are 
not recognized by all host com- 
puters, each command is repre- 
sented by an English-language 
ASCTI string. 

A polling interface and polling 
controller are also available that al- 
lows one 4025 and up to seven addi- 
tional 4024s and 4025s in any com- 
bination to be polled by the host 
computer. The polling controller is 
housed in the first 4025, so at least 
one 4025, is required to operate the 
polling network. 

The first polling controller offered 
for use with the 4020- Series termi- 
nals provides an interface to an IBM 
370 computer. It causes the 4024s 
and 4025s to emulate an IBM 3270 
terminal. The polling controller also 
includes an RS-232C peripheral 
interface. With this interface, a 
single hard copy unit or plotter can 
be used to copy data from any of the 
terminals connected to the polling 
controller. 

Customizing the 4020-Series 

A number of other features are pro- 
vided that allow the 4020-Series 
terminals to be used for specialized 



applications. Using the LEARN 
mode, virtually every key on the 
keyboard — 81 keys all together — 
can be programmed for another 
character or character string, which 
is then inserted whenever the key is 
struck. This allows commonly used 
character strings, words, or com- 
mands to be invoked with a single 
key stroke. 

Another useful feature is the abil- 
ity to divide the display screen into 
two areas; the workspace and the 
monitor The operator controls the 
total number of lines assigned to 
each area. 30 lines may be assigned 
to the workspace area, for instance, 
and 4 tines to the monitor area The 
workspace is generally ased for 
forms fill out, graphics, or for enter- 
ing and examining alphanumeric 
data. The monitor space is used for 
special communications between 
the computer and the operator. It 
may not contain forms or graphics. 
When a user is entering data into a 
form in the workspace, for example, 
and l he computer wishes to send the 
user a message, the message is sent 
to the monitor area. The monitor 
area provides a convenient method 
of communicating with the com- 
puter without interfering with a 
form or graph on the screen. 

Gralpha: a concept for today 
and the future 

Whether its business or financial 
management, government agencies, 
or tile more traditional users of 
computer graphics — engineers, sci- 
entists, and educators — the de- 
mand for fast, efficient methods of 
turning alphanumeric data into 
easy- to- interpret graphic displays is 
growing at a rapid pace. With its 
upward expandable packaging and 
full performance alphanumerics 
and graphics, the 4020-series has 
met this demand and will conlinue 
to meet it well into the future. 

The gralpha terminal is a cost ef- 
fective concept; a cost effective solu- 
tion to the problem of data represen- 
tation* 

'See the ar tele on page 13 ol this issue cl 
Tekscope for more information on the ability ot the 
4025 to scroll graphics 



12 




The Virtual Bit Map Brings 
High Resolution Graphics 
To the Alphanumerics 
Terminal User 




'rivr-Vr d * 
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In the past, computer display ter- 
minals have, in general, been de- 
signed either for graphics — graphs, 
charts, three-dimensional models, 
maps, etc. — or alphanumerics — 
data entry, text editing, forms fill- 
out and on-line inquiry. Now with 
low cost video chips, microproces- 
sors, and the declining cost of mem- 
ory'* it is possible to produce a low- 
cost, raster-scan (video) terminal 
that combines the two functions in 
one low cost package. This new cat- 
egory of terminal is called a gralpha 
terminal, 1 

In designing Tektronix 1 version of 
the gralpha terminal — the 4025 
Computer Display Terminal — we 
had two design criteria. We wanted 
to offer the user as much flexibility 
as possible in creating combined 
displays of graphics and al- 
phanumerics. For example, we 
wanted to be able to place graphics 
anywhere on the display screen and 
to be able to scroll both graphics and 
alphanumerics. The second criteria 
was to be able to handle almost all 
conceivable graphing needs with a 
moderate amount of graphics mem- 
ory. These needs included both the 
ability to create complex graphs, 
and the ability to store a number of 
graphs in the graphics memory at 
one time. Such a terminal could be 
used for graphic analysis and data 
display as well as for generating re- 
ports that combine alphanumeric 
text and graphics, 

Bit map graphics 

Meeting these criteria called for an 
interesting variation in the tradi- 
tional method of storing graphics. 
Most raster-scan terminals that 
offer graphing capability use a bit 
map for storing the graphics da la. 
With a bit map, one bit in the 
graphics memory is assigned to each 
addressable point on the display 
screen — one bit for each dot , The 
graphics memory is then scanned 
one row of dots at a time to create 
the graphics display The scanni ng is 
done with a simple counter No dis- 
play list or pointers arc used. 

To combine alphanumerics with 
the graphics display, a separate al- 



pha nu me lies generation system is 
provided. Some sort of mixing tech- 
nique is then used to combine the 
graphics with the alphanumerics. A 
video mixer is one example. 

The most significant drawback of 
the bit map method of storing 
graphics is that the graphics can not 
be scrolled. The display window of 
the bit map is defined as the bound- 
aries of the display screen, and can 
not be moved. Another limitation is 
that a bit map memory is a very in- 
efficient way of storing graphics. A 
large percent of the memory is used 
to store spaces or voids in the 
graphics area. 

Displaying words and numbers 

In order to make more efficient use 
of graphics memory and to allow 
scrolling of graphics on a raster scan 
terminal, a new technique for stor- 
ing graphics data called a virtual bit 
map was developed. 

To better understand the virtual 
bit mapping technique, it is helpful 
to understand how a raster scan 
terminal generates alphanumeric 
characters (see Fig. 2). The display 
screen is divided into alphanumeric 
cells which are 14 dots high by 8 dots 
wide. 80 of these alphanumeric cells 
fit together side by side to form a row 
of characters. With the 4025, up to 34 
rows of alphanumeric cells can he 
displayed at one time on the display 
screen. A dot is equivalent to the 
width of one raster line, so that it 
takes 14 raster scans to create one 
row of characters. 

The 4025 uses an interlaced raster 
scan system. Every other row of dots 
is thus scanned with each complete 
scan of the display screen . 

The alphanumeric data to be dis- 
played comes from (he host com- 
puter, a mass storage device, or the 
terminal keyboard. A microproces- 
sor in the terminal uses this data to 
create a display list, which com- 
bines ASCII character codes, 
character set attribute codes (upper 
or lower case), and field attribute 
codes (blinking field, enhanced 
field, etc.), 

The display controller scans the 
display list one row of characters at 
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a time and uses each ASCII cade for 
fetching a dot matrix character from 
a character generation ROM, which 
is then displayed on the crt screen. 

The virtual bit map technique 

Creating a display of alphanumerics 
and graphics with the Tektronix 
4025 is somewhat like putting to- 
gether a jigsaw puzzle with the help 
of a computer. Using a software pro- 
gram such as the PLOT 10 Easy 
Graphing software package, the 
4025 user initially establishes a 
graphics region on the display 
screen. The rectangular graphics re- 
gion can be placed anywhere in the 
display area. The remainder of the 
display area is then considered al- 
pha numerics region. 

The microprocessor then further 
divides the graphics region into 
graphics cells. A graphics cell is ihe 
same size as an alphanumerics cell 
— 14 dots high by 8 dots wide. When 
the microprocessor receives infor- 
mation from the host computer tell- 
ing it the size and location of the 
graphics region, it uses a firmware 
program to create a uniform array of 
dummy address pointers in the dis- 
play list. Each of these dummy ad- 
dresses potentially points to one 
graphics cell of in form tit ion stored 
in the graphics memory. 

Next the 4025 operator defines the 
graph parameters and inputs the 
data lo be graphed. Using an incre- 
mental plotting algorithm, the mic- 
roprocessor writes the dot pattern 
for the desired graph in the graphics 
memory. A writable RAM is used for 
the graphic memory. It has been de- 
signed to be written into by the mic- 
roprocessor as an I/O device. Its 
output is designed lo look like that of 
the character generation ROM. 

The addresses for each of the 
graphics cells that contain graphics 
information are then exchanged for 
dummy addresses in the display list. 
Those graphics cells that do not con- 
tain graphics information appear in 
the display list as spaces. 

Alphanumeric codes are also writ- 
ten in the display list just as with an 
alphanumerics only terminal. The 
resulting display list is made up of 
codes to generate specific characters 



with the character generation ROM 
and addresses in the graphics mem- 
ory for the dot pattern to fill up 
specific graphics cells. 

Using the display list as a guide, 
the display controller puts together 
the alpha numeric -graphics puzzle 
from the top of the display lo the 
bottom. When the display controller 
scans the display list and comes to a 
part of the list lhat has been desig- 
nated as graphics, it goes to the 
graphics RAM. The pointer in the 
display list points to a group of bytes 
that designates the dot pattern for 
the part of the graph that is con- 
tained in that particular graphics 
, e 1 1 

This technique of allocating 
graphics memory is called a virtual 
bit map, because it appears lo the 
terminal user that every address- 



able dot location in the graphics 
area is assigned a bit in the graphics 
memory. In reality, only those 
graphics cells in the display area 
that actually contain graphics in- 
formation are assigned bits in 
graphics memory. 

A virtual bit map thus makes more 
efficient use of memory than the 
traditional bit map technique* 
where each addressable dot location 
in the display area is allocated a 
place in the graphics memory, even 
if the actual graph takes up only a 
small amount of display area. A 
complex graph, for example, taking 
up the entire display screen can be 
stored in 16 kilobytes of graphics 
memory using the virtual bit map 
technique of storage With the tradi- 
tional bit map technique, this graph 
requires twice as much memory. The 



1 




Fig. 1. Simplified block diagram of the 4025, The Display L si comains alphanumeric 
codes for the character-generation ROM and addresses in ihe graphics memory for the 
dot pattern in specific graphics celts. Using the Display List as a guide, llie Display 
Controller assembles the display a ine al a time The display is nterlaced. 
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Fig. 2. In the 4025, graphic data is stored in 
graphic cells (b) containing Ihe same number ol 
elements as alphanumeric ceils (a), Graphic 
memory is required only for those cells containing 
graphic dele; rnnpty graphic cel s am treated as 
spaces, This greatly reduces tha memory required 
tor graphics, 

savings in memory is the greatest for 
small, simple graphs. 

Report generation 

The virtual bit map graphing lech* 
nique also solves the problem of 
being able to scroll graphics. The 
display list can hold more informa- 
tion than can be displayed on the 
screen at one time. Scrolling and 
paging are used lo make it all visi- 
ble. Scrolling is accomplished by 
starting ihe field at a point in the 
display list that is designated as 
being a fixed memory location — the 
beginning of a line. To scroll the dis- 
play, the display controller se- 
quences through fixed memory loca- 
tions — line by line — or jumps 34 
lines at a time — paging. The 



graphics scroll with the al- 
pha numerics, since the graphics in- 
formation is contained in the list the 
same as thealphanumerics. 

Store two or more graphs 

More than one graph can be dis- 
played on the screen at one time. The 
microprocessor merely designates a 
new section of the graphics memory 
for each additional graph. The 
amount of graphics and alpha- 
numerics that can be stored in the 
4025 at one time is determined by 
the sixeof the display list memory 
and the graphics RAM. 4 kilobytes is 
the standard size for each of these 
memories in the 4025, but each can 
be expanded to 32 kilobytes. It is 
thus quite possible to create a graph 
that extends vertically off the page 
and can only be viewed in its en- 
tirety through scrolling or hard copy 
(if it is 53 rows or less). 

Create special characters 

Besides containing graphs, the 
graphic memory can also be used to 
store user-defined characters, 
character sets, or symbols not found 
in the character ROM, Under the di- 



rection of user software, the charac- 
ter or symbol is merely written in 
one of the graphics cells. It can then 
be inserted anywhere in the display 
list by specifying the addresses of 
the graphics cell. 

Summary 

The demand for an easy-to-use 
gralpha terminal that can display 
graphs, charts, and alphanumeric 
text in an attractive format is on the 
increase. It is the virtual bit map 
method of storing graphics that 
makes this kind of a terminal 
possible. 

The ability to store a number of 
graphs in the graphics memory and 
toconslruct a multi-page report that 
combines text and graphs on each 
page gives ihe 4025 considerable 
flexibility for use in data analysis, 
report generation, and data display. 
Scrolling both graphics and alpha- 
numerics makes the 4025 extremely 
convenient to use, allowing both 
text and graphics to be quickly re- 
viewed and edited. m 

1 See the article on page 9 of 1h is issue of 
Tekscope tor a discussion of the gralpha 
concept. 
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Fig. 3. Drawing depicting a portion of the 4025 display area containing both graphics and 
a pnantmencs. The screen is divided into 34 rows of 00 cells each. Data for the graphic 
ceils are stored in RAM Alphanumeric data are stored in a character-generation ROM 
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Fig. i. To minimize pressure differences across the delicate transducer dtephrams, the 
impedance tube is enclosed in a pressurized tank or shell. A sound source of known 
frequency and the propellant sample are placed ai opposite ends of the tube. After 
pncpeflarit ignition, lhe amplitude and phase of the resultant pressure oscillations and the 
temperature In the tube are monitored, 



Evaluating Test Data with 
Computer Graphics 

Computer display terminals have a 
versatility that extends far beyond 
f i n a 1 - da t a p resen t a cion . One of t he 
more effective applications of the 
terminal is to use it (or a preliminary 
view of raw data and any inter- 
mediate stage of data red uc l ion. 
This previewing technique can be an 
impressive diagnostic indicator, 
time saver, and data compactor. 

Data previewing at Georgia Tech- 

ha la previewing is being utilised at 
the Georgia Institute of Technology, 
where the Aerospace Engineering 
Department is using a Tektronix 
4012 Computer Display Terminal to 
make a preliminary analysis of the 
data acquired From impedance tube 
measurements during the burning 
of solid-propellant rocket fuel. This 
previewing is done before investing 
time in extensive data reduction and 
data presentation. 

Aerospace scientists at the Insti- 
tute are processing information 
with a minicomputer-based data 
acquisition system /The compu ter 
program is divided into two sections 
(overlays) that, due to their length, 
must be placed into the computer 
memory separately, One overlay is 
used for data acquisition, the other 
lor data presentation. 

By concluding the first overlay — 
data acquisition — with a graphed 
data preview on the 4012 terminal, 
Lhe research team can quickly ascer- 
tain if the desired test conditions 
were established. 

If valid test data is not attained, 
then the research team can repeat 
the experiment without a software 
delay, because the data-acquisition 
overlay is still in computer memory, 
If necessary, preliminary runs to ver- 
ily proper instrumentation function 
and test conditions can be made 
rapidly and easily with the 4012 
preview-display format. After a test 
series, the scientists can load the 
long, more extensive data presenta- 
tion overlay into the computer, con- 
fident that the desired test condi- 
tions were obtained and that only 



significant raw data will be used for 
further data reduction. This preview 
technique can save the scientists as 
much as 1 Vz hours per test. 

Solid-fuel rocket research 

For the last two years, Georgia Tech 
scientists have been conducting 
basic research on solid fuel rocket 
propellants for the Air Force Office 
of Scientific Research, Primarily, 
they are investigating the phenome- 
non of combustion instability in 
solid-fuel rocket motors by studying 
the interaction between sound 
waves and the combustion process. 
When a solid propellant burns, it 
produces turbulent conditions in the 
combustion chamber of the rocket 
motor. This turbulence is perceived 
as noise. The noise or pressure fluc- 
tuations produce fluctuations in the 
combustion process. If the interac- 
tion between the pressure and com- 
bustion oscillations are in phase, the 



pressure waves tend to amplify the 
combustion oscillations, which in 
turn, amplify the pressure fluctua- 
tions, Undamped, this disturbance 
can seriously impair the effective- 
ness of lhe rocket engine perform- 
ance and even cause failure of the 
combustion chamber, usually be- 
tween 10 to 10,000 Hz. 

At Georgia Tech, Dr. Ben T. Zinn, 
the principal investigator; two re- 
search engineers, Dr, William Bell 
and Mr. Bob Daniel; and a graduate 
student, Mil Mohammed Salikuddin 
have spent three years exploring 
some of the important parameters of 
this problem and creating a viable 
testing procedure. 

Testing fuels in an impedance tube 

Th e ex pe i i m e n t s a re cen t e re d 
around the study of the combustion 
process using an impedance tube ai 
pressures from 15 to 350 psig. The 
tube is a 6-fool-long stainless steel 
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pipe capable of testing propellant 
samples two inches in diameter. Al- 
though sot Ul-fuel rodket chambers 
are often designed in gargantuan 
sizes (10 to 15 feet in diameter), the 
diminutive impedance tube pro* 
vides an effective testing apparatus 
that can be used a l minimum cost 
and maximum safety. 

At the beginning of a test, a solid 
propellant — portioned to burn for 
approximately 4 seconds — is 
placed on a steel plate that is se- 
cured inside one end of the imped- 
ance tube. At the other end , an elec- 
tropneumatic acoustic driver intro- 
duces sound into the tube at a con- 
trolled frequency (Figure 1). 

The fuel sample is ignited at the 
initiation of the testing procedure. 
The sound from the acoustic driver 
sends incident waves traveling 
down the impedance tube to the 
combustion area. There, the wave 
interacts with the combustion pro- 
cess and is reflected back towards 
the driver. The reflected and inci- 
dent waves combine to Form a stand- 
ing wave a long the length of the tube 
(Figure 2). The amplitude and shape 
of this standing wave is dependent 
upon the amount of sound absorbed 
or amplified by the combustion pro- 
cess and upon the phase relationship 
of the incident and reflected waves, 




Fig. 3. The signals from the pressure transducers 
and thermocouples are amplified and simultane- 
ously sampled and held. A multiplexer samples 
each data channel, and the voltages are con- 
verted to di glided form. The sampling rate is con- 
trolled by the pacer. The raw signals are recorded 
on a diss, using the computer as a buffer. 

Measuring the standing wave 

The scientists use transducers (con- 
denser microphones) to measure the 
amplitude and phase of the standing 
wave at different tube locations. 
They can then determine the ratio of 
the incident to the reflected wave. 
Fourier analysis is applied to filter 
the pressure signal at the lest fre- 
quency from harmonics and noise. 

Testing restrictions caused by 
temperature changes 

The amplitude of the sound in the 
impedance tube is fluctuating 
wildly be ca us e t he r e i s a p p rox i - 



mately a 3,000° increase in temper a- 
ture from ignition until steady burn- 
ing is achieved. Once the tempera- 
lure stabilizes, there is only one or 
two seconds where reliable, steady 
standing- wave readings can be ob- 
tained. 

Test equipment 

The Aerospace Engineering De- 
partment's data acquisition equip- 
ment consists of a. P , 

Neff amplifier; 

Preston GMAD-1 1 twelve-channel 
analog to digital converter with 
multiplexer; 

Hewlett-Packard 332G-A fre- 
quency sythesizer; 

Tektronix 4012 Computer Dis- 
play Terminal; 

and a Hewlett-Packard 2100S 24K 
memory computer with two di- 
rect memory access channels, disc 
storage with a capacity of 2,5 mil- 
lion words, and a transfer rate of 
128,000 words per second. 

Data acquisition 

Data From up to ten transducers and 
iwo thermocouples are taken during 
an experiment. After being 
amplified by the Neff amplifier, the 
transducer signals appear at the 
input of the A to D converterin a 
±2 Vi volt range (Figure 3). 

Data Anaylsls 

The research team previews the ex- 
perimental data with two displays 
on the 4012 terminal to determine 
the valid data ranges (Figures 4 and 
5). The displays plot the standing 
wave's amplitude and phase rela- 
tionship versus time as recorded by 
each transducer The time period of 
steady combustion can be deter- 
mined by a visual inspection of the 
display. The terminal keyboard is 
used to communicate the valid be- 
ginning and ending test parameters 
to the computer; subsequent data 
presentation and analysis is re- 
stricted to this data segment 
(Figure 6). 

There, the analog signals are con- 
verted into digital data that are 
stored in 8-bit bytes (1 bit to indicate 
the polarity and 7 bits for voltage). 
The A to D converter compacts two 
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Fig. 4, These graphs displayed on the 4012 terminal and copied on a TEKTRONIX 4631 
Hard Copy Unit show Ihe oscillating pressure ampfilude in decibels versus nondim en- 
sion al time at six axial stations along the impedance tube. The propellant is ignited at time 
T=20; the increase in temperature causes lluctuations in Ihe amplitude until time T “40. 
After this point, the temperature reaches a constant level, the amplitude variation di- 
minishes. and desirable test contitlons are achieved from T -40 to T 80, 




Fig. S. These plots show the corresponding phase differences between the pressure 
oscillations at the six axial stations along the impedance tube. The phases are referenced 
to one of the transducer signals. Before ignition, the oscillations are ± 180 degrees out of 
phase with the reference signal. After ignition, the pressure oscillations are almost In 
phase. By measuring Ihese phase differences, it is possible! lo determine the capabilliy of 
the propellant to drive unacceptably large oscillations in a rocket motor. 



8-bit bytes into a 1 6-bit word. Six 
words then, represent one meas- 
urement sample. 

The frequency synthesizer acts as 
a pacer and controls the rate at 
which the A and D converter di- 
gitizes and stores the data. This rate 
can be set to optimize the accuracy 
of the amplitude and phase data for 
a given frequency. The multiplexer 
sequentially stores the digitized 
data from the pressure transducers 



and thermocouples into a memory 
buffer in the computer. When the 
buffer is full , the data is stored on a 
disc to allow more readings to be 
taken into the computer, Upon com- 
pletion of a test, the raw data is read 
back from the disc into computer 
memory as required, 

Data presentation 

After 4012 terminal previewing has 
isolated valid raw-data parameters, 



the long da La-presentation overlay 
is loaded into the department's 
minicomputer (Figure 7), The out- 
put of this program is steady-state 
amplitude, phase , and temperature 
information from the experiment. 
This data is graphed on a plot ter and 
listed on a teletype. Selected data 
arc taken and transmitted to the 
university's CYBER 70 computer 
system for final analysis and presen- 
tation. Essentially, the CYBER 70 
analyzes the amplitude, tempera- 
ture, and phase data; performs a 
least squares curve fit; and indicates 
on a line printer how much the 
sound is increased by the tested 
propellant. 

Summary 

Data previewing is an important 
time and cost saving technique for 
l his and many other applications. 
This particular application calls for 
a terminal that is reliable, versatile, 
and reasonably priced, The 4012 
meets all of these requirements, 




Fig, 6. The raw digitized data are conver led to 
amplitude and phase data and displayed on the 
Tektronix computer display terminal. If proper test 
conditions were not established during the 4 sec- 
ond propellant burn, the test can bo rerun with 
minimal time delay 




Fig, 7, Amplitude, phase, and temperature data 
versus time are plotted and printed. Final data 
analysis lo reconstruct Ihe standing wavs is per- 
formed on a CYBER 70 computer. 
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New Products 

P6303 Dc Current Probe with AM 503 The New C-28 Crt Camera 
Amplifier 



The OF2 Display Formatter with 
7D01 and 7603 





New Display Formatter Offers GPIB 
ASCII Capability 

Digital designers can now look at 
disassembled GPIB (IEEE Standard 
488-1975) activity with the 
TtKiRQMix DF2 Display Formatter. 
The DF2 also formats data stored in 
the 7D01 memory in ASCII format 
with further decode in hexadecimal, 
binary, or octal notation on the same 
display 

The DF2 works as a companion to 
the 7D01 Logic Analyzer Additional 
display formatting capabilities in- 
clude: liming, mapping, hexadeci- 
mal r octal, and binary An automatic 
data comparison feature enables the 
user* to catch intermittent faults. 

Synchronous operation enables 
the user to view blocks of the 256 
GPIB instructions stored in the 7D0I 
memory, 17 instructions at a time. 
Disassembled instructions ot activ- 
ity on the data bus, transfer bus 
(handshake lines), and management 
bus (control lines), are displayed in 
IEEE 488 mnemonics. Asynchron- 
ous GPIB measurements can he dis- 
played in a timing diagram when 
monitoring handshake line activity. 
The DF2's GPIB capability enables 
digital designers to design, trouble- 
shoot and integrate GPIB systems 
easier and simpler. 

GPIB or ASCII modes are selected 
from the DF2 front panel by pressing 



a MEMU button. 

Inc uded with the DF2 is a GPIB 
probe adapter with standard IEEE 
488 connector and quick connection 
to the P645I Probe head. 

Dc Current Measurement 
To 100 Amps 

The F63Q3 is a new current probe 
designed to make ac and dc current 
measurements to 1G0A, 500A peak. 

The current measurement system 
consists of the P6303, the AM 503 
Current Probe amplifier, a TM 500 
Power M od u 1 e and a n y osc il Iosco pe 
with at least a 50-MHz bandwidth 
and 10 mV/di v vertical sensitivity 

With its large I x 0,83 inch (2.54 x 
2 A I cm) jaw opening, the P6303 can 
make accurate dc coupled current 
measurements of large conductors 
which previously were not possible* 
The spring-loaded jaw slides open 
for placement around the conductor 
There's no need to break the circuit 
under test* Fur differential or sum 
measurements, merely place the 
conductors in the probe jaw in the 
proper phase. 

The P6303 is highly recommended 
for measuring current in X-ray 
tubes, SCK motor controls, indus- 
trial controls and power supplies. It 
is especially useful when making 
measurements at high impedance 
points or wilh current dependent 
devices, 



0-28 Camera Features 
Electric Shutter 

The new C-28 Crt Camera features 
an electric shutter, changeable 
magnification, a quality lens, and 
mechanical rigidity 
The electric shutter allows remote 
operation for operator convenience 
or system control of the camera, and 
provides accurate, repeatable expo- 
sure times. The shutters' input trig- 
ger is TTL-compatible to simplify 
interfacing to the user s system. Re- 
liability of [lie electric shutter is 
far superior to that of mechanical 
shutters, 

Magnification can be changed 
from 0.67 to 0,85 to permit full- 
frame photographs of both 8 x 10 cm 
and 10 x 12 cm displays. This is ac- 
compli shed by changing spacing 
rings on the easily disassembled lens 
barrel The economical f2.8 lens 
provides the performance needed in 
general crt photography 
The C-28 offers outstanding 
strength in its frame and crt bezel 
attachment mechanism 
Two film backs are included with 
the C-28 — a Graflok 4 " x 5" roll film 
back and a Polaroid Type 405 back 
modified to fit directly onto the 
Graflok back* This special interface 
allows the user to quickly switch 
from negative film to Polaroid, 
Medical diagnostic applications 
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New Products 

8001 Microprocessor Lab with 
Optional CT8100 Crt Terminal 




including ultrasound, nuclear 
medicine, and computerized tomog- 
raphy are excellent examples of ap- 
plications for the C-28. It is also well 
suited to general purpose trace 
recording, 

8000- Series Microprocessor 
Labs Add 8085 Support 

With complete 8085 software and 
hardware emulation, software 
development support, and hard- 
ware debug capability, the 8085 op- 
tion for the Tektronix 8000-Series 
Microprocessor Labs extends the 
coverage of this multiple-approach 
development aid to still another 
popular microprocessor. Previously 
announced options include support 
packages for the 8080, 6800, Z-80 
and 9900. 

Like the other 80C0-Series micro- 
processor support packages, the 
8085 option package runs as a com- 
ponent of the total Tektronix* sys- 
tems approach to easing micro- 
processor based designs. The 8002 
Microprocessor Lab, with dual 
floppy discs, up to 64k bytes of user 
memory, separate 16k system mem- 
ory, and optional terminal provides 



The 4014-1 Computer Display 
Terminal 




an operating system and text editor 
to facilitate program development. 
Then, the program can be gradually 
integrated with a prototype by using 
the 8002 emulation and debug 
capabilities. The 8001 Microproces- 
sor Lab — which is intended for 
users with time-sharing or other 
software development facilities — 
provides emulation and debug 
facilities, and uses a ROM-based 
operating system. 

Intelligent Graphic Enhancement 
for the 4014 

Users of the large screen 4014 Com- 
puter Display Terminal now have 
the opportunity to combine the 
graphic display superiority of the 
4014 with proven techniques of dis- 
tributed processing. All are designed 
to reduce data transmission and on- 
line time, speed up applications and 
interactivity, and further increase 
l he case of use, interactivity, and 
productivity of the 4014. 

Three new options allow you to 
select the degree of enhancement to 
suit your particular needs: 

Option 40 provides program- 
mable keyboard capability with 



storage of alpha numerics and 
graphics in local memory Data may 
be entered from the keyboard or 
down loaded from the host or local 
peripheral devices. After loading, 
the data stored for any key may be 
displayed on the screen or transmit- 
ted to the host or local peripheral by 
simply depressing a key, or by the 
host transmitting the key value. The 
data stored under a key name could 
be an entire display, a graphic seg- 
ment , a symbol, local commands, or 
the names of several other keys 
which also contain graphics. 

For convenience a one line editor 
is included which maintains the 
most recent typed line in refresh. 
Graphic data may be displayed iri 
the normal location or displayed in 
new locations by redefining the ori- 
gin coordinates. In addition, Option 
40 provides local clipping of any 
graphics outside the screen bound- 
ary and local buffering of all 
communications. 

Option 41 adds local rotation and 
scaling ( upwards and downwards) 
of graphics, use of any alternate 
down-loaded character set, and 
local circle and circular arc genera- 
tion. To assist in development of an 
alternate character set, a local sym- 
bol design mode is provided in 
which symbols or characters may be 
defined using the crosshair cursor or 
graphics tablet, then saved on a 
local peripheral or host. 

Option 42 adds an interactive buf- 
fer to the 4014 providing 1025 bytes 
of off-screen storage which can be 
used as a straight buffer capable of 
storing or refreshing alphanumeric 
or graphic displays, as a text editor, 
or in conjunction with thumbwheels 
or an optional joystick to provide 
moveable picture elements. The pic- 
ture elements may be positioned 
anywhere on-screen, rotated, or 
scaled locally or under program 
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When people try to communicate it 
helps if they all speak the same lan- 
guage. Even so, there are misunder- 
standings. 

We now have a standard system 
for connecting instruments together 
so they can communicate. It's called 
the General Purpose Interface Bus 
(GPIB). The formal term is IEEE 
Standard 488-1975. “Digital Inter- 
face for Programmable Instrumen- 
tation." This standard specifies the 
mechanical, elect deal , and func- 
tional elements of the digital inter- 
face system . One would suppose that 
with such a standard, a group of in- 
struments could be connected to- 
gether as a system and function per- 
fectly. Not necessarily so, any more 
than people who speak the same 
language communicate perfectly 

When a group of instruments con- 
nected together fails to function 
properly, it is often difficult to de- 
termine the cause. Is it a defective 
instrument, faulty connection, lim- 
i tig p rob le m , or prog ra mining 
error? How can one determine 
which? 

One of the most useful instru- 
ments in working with digital sys- 
tems is the logic analyzer. Early 
analyzers usually presented digital 
information in one of two formats — 
logic timing or logic stale. The ap- 
plication dictated the type selected. 
Circuit designers preferred timing 
diagrams, while software designers 



chose state table displays. A third 
mode, mapping, appeared later on 
some logic state analyzers, provid- 
ing the system designer a convenient 
means of monitoring program flow. 

With l he introduction of the 
Tektronix 7 DO I Logic Analyzer and 
DPI Display Formatter 1 , the user 
was given a choice of all three dis- 
play modes in a single instrument. 

N o w, t he inc reasi ng de man d for 
programmable inst rumen tation 
using the GPIB has created a need to 
view data in still another format — 
IEEE 488 mnemonics. These 
mnemonics represent, or arc the 
equivalent of, particular logic pat- 
terns occurring on the 8 data lines 
and 4 stains lines of the GPIB, and 
are defined in the standard itself. 
The new DF2 Display Formatter 
with its companion 7D01 Logic 
Analyzer, converts the binary values 
appearing on the data and status 
lines into their equivalent 
mnemonics and displays the results 
on a crt. 

How it works 

Front panel push but tons on the DF2 
give the user a choice of seven dis- 
play modes: liming, map. binary oc- 
tal, hexadecimal, GPIB, and ASCII, 
In the GPIB and ASCII display 
modes, the user is given the further 
choice of displaying data in binary, 
octal, or hexadecimal. 

In the GPIB mode, data is ac- 
quired from the GPIB by the 7D01 
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management bus (control lines Disassembled instructions are displayed on the cm »n 
IEEE 488 message mnemonics familiar to the GPIB user. 
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Logic Analyzer t hrough an adapter 
that provides a convenient transi- 
tion From the GPIB connector to the 
two P6451 Data Acquisition Probes 
used with the 7DGI. 

Note that specific assignments are 
given each probe input with the ex- 
ception of channels 0-3 and the 
probe qualifier input* 

Channels 0-3 and the qualifier 
input are user definable. They can be 
used to view signals from the user s 
circuitry or applied to the hand- 
shake lines available on the GPIB 
Adapter. 

Data acquired by the 7D01 is 
transfe r re d to (he D F2 in e mo ry a n d 
processed for display under micro- 
processor control. A program ROM 
In the DF2 provides permanent stor- 
age for the microprocessor instruc- 
tions. 

Figure lisa GPIB display. Note 
that it is so labeled at the top of the 
right hand column. The GPIB trans- 
actions are displayed in hexadeci- 
mal* as indicated by a dollar sign ($} 
preceding the alphanumeric hex 
value* You will note a couple of ex- 
ceptions — the listen* talk* and sec- 
ondary address groups are dis- 



played in decimal * and the four 
usable-definable tines are presented 
in binary* The number of dock cycles 
occurring between the trigger and 
the first line of the display (at top of 
screen) is also displayed in decimal* 
while the trigger word (at bottom of 
screen) is displayed in the previ- 
ously selected format — in this in- 
stance* hexadecimal* This inter- 
mingling of formats on a single dis- 
play lets you view each piece of data 
in its most useful form* 

Seventeen GPIB events, plus the 
cursor position and trigger word, 
can be displayed on-screen at one 
time* As the data is "scrolled" man- 
ually using the 7PQ1 cursor control* 
all 254 events acquired by the 7 DO 1 
can be viewed. Each of the 17 lines 
(bus transactions) contains data in- 
formation from the interface bus* 
displayed in IEEE 488 mnemonic 
message format* 

Versatile triggering and storage 
One of the keys to unraveling the 
mystery on the GPIB is the ability to 
capture the action occurring on the 
bus at any selected point in time* 
and examine events leading up to 
and following that action, The 



7D01/DF2 provides that ability 
The user has a choice of synchron- 
ous or asynchronous triggering and 
synchronous or asynchronous data 
storage. This makes possible four 
combinations of triggering and 
storage to create a very versatile sys- 
tem In synchronous operation, trig* 
gcring and storage are related to an 
external clock, while asynchronous 
operation utilizes a very accurate 
internal dock. Let s consider where 
each of these triggering/storing 
modes might be used in a GPIB 
interface environment, 
Synchronously triggering on an 
input value set by the word recog- 
nizer switches* and synchronously 
storing data into the logic analyzer 
clocked by the negative edge of data 
valid ( D AV) is the most common 
mode for looking at data and control 
transactions across the GPIB, For 
example* one could look at device- 
dependent messages being trans- 
mitted to the controller from one 
particular device* by setting the 
word recognizer to trigger on the 
talk address of that device. 

Triggering asynchronously on the 
input word equal to the word recog- 
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Fig* 2 The GPIB Probe Adapter provides a convenient means of interfacing the GPIB connector to the P6451 Probes used with the 
7001 Logic Analyzer Note that four of the signal inputs and an external qualifier input are user-definable 
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Fig, X Th« 7D01 Logic Analyzar with the DF2 
Display Formatter converts any 7000-Senes 
Mainframe to a Logrc Analyzer wlh seven ways 
to look at log*: 

nizer switch settings, arid storing 
GPIB transactions synchronously 
clocked by PAV, is useful when the 
user wants to trigger on a single 
combinatorial event in the circuit 
and look at the GPIB transactions 
that led up to that event. The user* 
definable lines can be connected to 
the circuit, and the 7DUI can be 
triggered asynchronously relative to 
the data being stored. A typical 
example is triggering on the inter- 
face clear line (IFC) which occurs 
asynchronously to the handshake, 
and looking at the GPIB transac- 
tions before and after the IFC oc- 
currence to discover why it was as- 
serted and the effects it had on the 
system operation. 

Triggering synchronously on a 
GPIB transaction and storing data 
asynchronously is generally used 
when timing information before, 
during, and/or after a GPIB transac* 
tion is desired. The most common 
example is studying the handshake 
cycle around a particular attention 
(ATN) message for correctness and 
speed. The user can also look at the 
effect a particular ATN message has 
on the circuit handling the interface. 
Triggering the logic anaylzer on 
an asynchronous event and record- 
ing the timing information of the 



input lines is the normal operating 
mode of a timing logic analyzer. It is 
useful for studying ihe GPIB hand- 
shake and speed performance of the 
system. Typical examples would be 
examining the asynchronous paral- 
lel pell as the controller asserts ATN 
and End or Identify (EQI) to com- 
mand those devices, with the capa- 
bility, to put their status on the data 
lines; and looking at Service Re- 
quest (SRQ), IFC, and Remote En- 
able (REN) for their time of asser- 
tion and relationship to other GPIB 
lines 

Design applications 

The design, debug, and evaluation 
stages of a product containing a 
GPIB arc all ideal application areas 
for the 7D01/DF2, Whether the de- 
sign is accomplished using hard- 
ware techniques or with a 
microprocessor/ peripheral imple- 
mentation, the DF2 can save time in 
Finding errors, validating the design, 
and measuring the performance of 
the interface. 

Probably the most common de- 
sign for the GPIB involves a subset of 
the total interface capability The 
beauty of the IEEE 488 bus is that 
only a portion of its full capability 
need be implemented, depending on 
what the designer wants the inter- 
face to do This allows the use of the 
GPIB while minimizing costs and 
design time. 

For example , a designer may want 
to interface an existing line printer 
to the GPIB. This task involves im- 
plementing the Basic Listener func- 
tion (and optionally Listen Only). 
The Basic Listener interface for the 
printer requires the receipt of the 
My Listen Address (MLA) attention 
command, before it printsdevice- 
dependent messages (those mes- 
sages sent with attention false). Lis- 
ten Only forces the printer to always 
listen and hence prints all device- 
dependent messages across the bus. 
These types of designs are best im- 
plemented in TTL hardware be- 
cause of their simplicity. 

After the design is finished and 
built, the DF2 can quickly check that 
the handshake cycle functions prop- 



erly when at lent ion is true and when 
it is false; that the interface handles 
My Listen Address correctly (if the 
Listen Only Mode switch is not set); 
and that the dev ice- depen dent mes- 
sages are being printed correct ly 
and no characters are lost or trans- 
lated. 

Microprocessor- based 
interface design 

When designing a microprocessor- 
based GPIB interface, the DF2 can 
aid in the program development, 
debug, and performance measure- 
ment phase. A microprocessor- 
based GPIB interface presents more 
difficult design and evaluation prob- 
lems than does a hard ware- designed 
interface. Usually a more sophisti- 
cated portion of the total GPIB 
capability is to be implemented. For 
example, functions such as listen- 
ing, talking, serial poll, remote- 
local, and even parallel poll may 
be included. 

The IEEE 488 document needs to 
be understood very well in order to 
know all of the interdependencies 
and interactions of the state dia- 
grams. To glean from the IEEE 488 
standard the methods of implement- 
ing this sophisticated set of func- 
tions is far from a trivial task. Alsu* 
the firmware must implement these 
functions with the least amount of 
interaction. It is easy for subtle er- 
rors to crop up in such a complex 
system. 

A microprocessor is inherently a 
sequential device which means it 
can handle only one task at a time; 
tasks such as reading from a port, 
analyzing the data* making a deci- 
sion, and outputting an "answer" to 
another port, A strict hardware de- 
sign can operate in a parallel mode* 
executing more than one function at 
a time. 

While the IEEE 488 slate dia- 
grams show various events or mes- 
sages occurring simultaneously 
when moving from one state to the 
next* the microprocessor must han- 
dle these messages sequentially. The 
designer must learn the legal order 
of occurrences and the maximum 
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amount of delay permitted between 
them. 

Finally, implementing the 
remote-local function and/or the 
interface clear function requires 
using interrupts. This adds com- 
plexity to the entire code because 
the intemipts occur asynchron- 
ously- The software designer must 
write programs with the knowledge 
that the microprocessor can be in- 
terrupted any time the interrupts 
are not masked* The designer must 
also consider how fast the interrupt 
has to he handled. The intemipts 
cannot be masked for loo long be- 
cause cither Remote Enable ( REN) 
going false or Interface Clear (JFC) 
going true must be recognized and 
handled within the GPIB specifica- 
tion o f 1 00 m i c ros econ d s , 

The DF2 is useful in monitoring all 
of these design and debug tasks. For 
example, it can be used to measure 
the time the microprocessor takes to 
handle an interrupt, look for and il- 
luminate Implementation errors, 
and measure the speed performance 
of the bus to determine whether or 
not the design goals were met* 
Controller functions analyzed 
One of the functions of the GPIB 
standard is that of controller. Most 
controllers on the market today are 
calculator-based, or are an exten- 
sion of a minicomputer. These de- 
vices control the bus through execu- 
tion of program steps previously 
loaded into memory. 

With another device on the bus, or 
perhaps a talker-listener simulator 
built up as a tool to handshake with 
the controller full speed, the control- 
ler can be checked out for correct 
"macro” instruction implementa- 
tion. One program step in the con- 
troller memory' can be translated 
into many GPIB attention com- 
mands to perform a specific func- 
tion. For example, the Tektronix 
4051 GPIB controller has a poll 
statement in BASIC which handles 
service requests. The controller 
must Serial Poll Enable all devices 
on the bus(SPE is a universal atten- 
tion command), then talk address 



each device sequentially to find out 
H that device was asserting Service 
Request (SRQ). The DF2 quickly and 
easily shows controller manage- 
ment of the SRQ function. It dis- 
plays the sequence of attention mes- 
sages that set up the serial poll, the 
status byte put out by the device that 
was talk addressed, and the se- 
quence of attention messages to 
handle further device polling and 
serial poll disabling. 

Other controller measurements 
the DF2 can perform include 
monitoring the asynchronous paral- 
lel poll for correct implementation 
and speed; verifying that one con- 
troller' passes control to another cor- 
rectly; and measuring the hand- 
shake speed of the controller for 
both attention messages and 
device-dependent messages into and 
out of the controller. 

Summary 

The adoption of IEEE Standard 
488-1975 is a big step toward the 
goal of effective integration of a 
group of instruments and peripher- 
als :o form an automated in* 
stn mentation system. 

The number of companies man- 
ufacturing GPIB-compatible in- 
struments is growing rapidly, and it 
is becoming easier for the end user to 
find the particular devices needed 
for his or her application. If a system 
is being put together, it is very likely 
that more than one company's 
products will be represented in that 
system. Integrating these multiple- 
vendor purchases can be very dif- 
ficult and frustrating because of the 
non-standard data transmission 
for mats used and because of the 
less- than- adequate documentation 
supplied by some manufacturers. 
The 7 DO 1 Logic Analyzer and DF2 
Display Formatter can transform 
this normally time consuming and 
frustrating chore into a very short 
system-integration task, h 



1, A Display Formatter — the Indispensable Tool 
for th© Data Domain — Tekscope Volume B 
Numoer 4 1976. 
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The IEEE 488 Bus — 
Going Your Way? 
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Many designers and electronic in- 
strument manufacturers are getting 
on the IEEE 488 bus and many more 
are about to board. But as with any 
bus system, there are a few unhappy 
riders, 

IEEE 488 critics are asking ques- 
tions such as, “Sure, I won't get 
smoke if the instruments I connect 
are IEEE 488-compatible, but will 
they work ?“ A n d , “ Even i f 1 ca re fully 
select instruments for the 
capabilities J need* will they speak 
the same language?" And, “How can 
I be sure the instruments I choose for 
my system all implement the op- 
tional features in the standard 
that I need?" 

A lot of confusion comes from too 
little understanding of the standard. 
So let's find out what the standard is 
and what it is not. 

A closer look 

The bus concept specified in IEEE 
Standard 488-1975* is partial to 
small automatic test systems. The 



IEEE 488 bus provides more flexi- 
bitty for such systems than cither 
interface standards such as CAM AC 
(IEEE Standard 583-1975). 

This flexibility is no accident. A 
primary IEEE 488 objective is to 
specify only those interface func- 
tions necessary for clear and orderly 
com m u n ica lion . Device-dependeo t 
functions — what the instruments 
do and how they do it — are specifi- 
cally left up to the instrument 
designer. 

The standard defines an interface 
system; first, the bus that connects 
the instruments, including the con- 
nectors, the signal lines, and the 
voltage levels on the lines; second, 
the functions used by the instrument 
interfaces to exchange data; and 
third, control messages and 
protocols. 

Devices on the bus perform one of 
three roles: talker* listener, or con- 
troller As in any good repertory the- 
ater company, each device may take 
more than one role as the occasion 
demands. As in a stage production, 
the parts are assigned by the di- 
rector, called the coni roller- in- 
charge by IEEE 488 . This role can be 
passed around, just as players in a 
repertory company may direct one 
production, but act in another. At 
any time, however, there can be only 
one director* Just as actors do not (or 
should not) step on each other's 
lines, only one device can talk at a 
lime, though more than one can lis- 
ten, The producer, called the system 
controller, retains ultimate author- 
ity and can double as director — that 
is, be both system controller and 
contraller*in-charge. 

To stage an IEEE 488 production, 
we must select the skills needed by 
the actors. These are the interface 
functions defined by the standard; 
Source Handshake 
Acceptor Handshake 
Talker 
Listener 
Service Request 
Remote Local 
Parallel Poll 
Device Clear 



Device Trigger 
Controller 

The designer can choose from a 
list of subsets of these functions to 
put together the most cost-effective 
combination. A collection of subsets 
sounds strange until you understand 
that it's just a shorthand way of not- 
ing the device s interface functions. 
CO, for instance, states that a device 
has zero capability as a controller. 
DTI means a device can be triggered 
to perform a designer-chosen func- 
tion when it receives the device trig- 
ger interface message. 

To see how these interface func- 
tions are used on the bus, let's lake a 
look at the diagram of the bus signal 
lines shown in Figure I* The 16 lines 
comprise three groups; data, hand- 
shake, and interface management. 

The eight data lines are used to- 
gether to transfer eight-bit bytes, 
hence the term "bit-parallel, byte- 
serial interface/* 

The handshake lines control an 
asynchronous, three wire hand- 
shake. DAV (Data Valid) is asserted 
by the transmitting device, and 
NRFD (Not Ready For Data) and 
NDAC (Not Data Accepted) are as- 
serted by the receiving device to 
pace the dialogue on the bus. 

The interface management lines 
have several uses, ATN (Attention) is 
like the director's megaphone; when 
the controller- in-charge asserts 
ATN, everyone pays attention, Two 
lines are reserved for the system 
controller; REN (Remote Enable) is 
asserted for remote control of de- 
vices on the bus, and IFC (Interface 
Clear) tells all devices to reset their 
interface functions. SRO (Service 
Request) can be asserted hy any de- 
vice to interrupt the controller. 

EOI (End Or Identify) indicates ihe 
end of a data transfer, but can also he 
used with ATN in a special polling 
mode. 

A byte at a time 

How are these lines used by the 
interface functions? Let's take the 
source and acceptor handshakes 
first. Actually, they are two parts of 
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Fig 1- IEEE 4S8 bus organic lion showing the bus signal lines and some typical 
bus instruments. 



the same handshake. Figure 2 shows 
the stales of these lines as they are 
set by a talker using ihe source 
handshake and a listener using the 
acceptor handshake. Note thal the 
timing diagram relates the electri- 
cal signals on the bus to the states of 
the source and acceptor handshakes. 
By looking at both, it may be easier 
to grasp the sequence of the inter- 
locked handshakes than it is to ab- 
sorb the infamous stale diagrams in 
the standard. 

1) To begin, the source (talker) goes 
to the Source Generate Slate 
(SGNS). In this state, the source is 
not asserting a data byte on the data 
lines or DAV. When no bus driver is 
asserting a line, it rises to the high 
level set by the bus terminating 
network* The acceptors (listeners) 
are in the Acceptor Not Ready State 
(ANRS), asserting both NRFD and 
NDAC* In this condition, NRFD and 
NDAC are low, 

2) The source sets the data byte on 
the data lines and enters the Source 
Delay Slate{SDYS). IT this is the last 
byte in the message, the source can 
assert EOF as well. The source waits 
for the data to settle on the lines and 
for all acceptors to reach the Accep- 
tor Ready State (ACRS). 

3) Each acceptor says/Tm ready" 
by releasing NRFD to move to 
ACRS. This is one of the points in the 
handshake designed to accommo- 
date slow listeners, The NRFD line 
can be thought of as & wired-OR 
input to the source handshake logic. 
Any acceptor can delay the source 
handshake by asserting this line, 

4) When the source sees NRFD 
high, it enters the Source Transfer 
Slate (STRS) by validating the data 
with DAV. The source then waits for 
the data to be accepted . 

5) When the receiving devices see 
DAV asserted, they go to the Accept 
Data Slate (ACDS). Each device as- 
serts NRFD because it is busy with 
the current data byte and is not 
ready for another, 

6) As each device accepts the data, 
it releases NDAC to move from the 
ACDS to the Acceptor Wait for New 
cycle Stale (AWNS), Again, all re- 



ceiving devices must release the 
NDAC line for the source to see a 
high level* When the source sees 
NDAC high (all have accepted the 
data), it enters the Source Wail for 
New cycle State (SWNS), 

7) In the SWNS, the source can 
release DAV This causes the accep- 
tors to proceed to the ANRS, their 
i nl ial state in the handshake. In 
ANRS, they assert NDAC. 

8) The source continues to the 
SGNS, its inti tin I state in the hand- 
shake, In this state, it can change the 
data lines to prepare a new byte for 
transmission. 

This is a typical sequence. The 
exact sequence is defined by the 
state diagrams in the standard. The 
only requirement is that if what 
happens on the signal lines differs 
from the above sequence, it must 
still conform to the state diagrams. 

Who's In charge here? 

WeVe just staged a dialogue be- 
tween a talker and listener^) using 
the source and acceptor handshakes, 
but t hey 're not the on I y ones a 1 1 owed 
to use the handshakes. The source 
handshake is also used by the 



controller-in -charge to send system 
control messages; these are called 
interface messages to distinguish 
them from device-dependent mes- 
sages sent from talkers to listeners 
(see Fig. 3). Remember the director's 
megaphone — ATN? The controller 
asserts ATN to get the attention of all 
devices on the bus and then uses the 
source handshake to send interface 
messages on the data lines, 

The interface messages that con- 
stitute the controller's vocabulary 
are defined by the standard. They 
can be thought of as ASCII codes 
given a new meaning when sent by 
the controller with ATN asserted. 

Three groups of interface mes- 
sages a re rese rved for t he 1 tsten , t a I k , 
and secondary addresses. For in- 
stance, when a device sees its talk 
address (called My Talk Address) 
and ATN simultaneously it must be- 
come a talker* When the contra] ler 
removes ATN, the device begins the 
source handshake to transmit its 
data. Similarly, My Listen Address 
and ATN tell a device to listen to the 
data sent by the talker. Secondary 
addresses provide unique addresses 
for devices or functions that share a 
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single listen or talk address. In the 
Tektronix 7912 AD Programmable 
Digitizer, for example, secondary 
addresses select among the main- 
frame and plug-ins, all of which 
share the same IEEE 488 bus inter- 
face. 

The controller uses other kinds of 
interface messages for other tasks. 
One is the Serial Poll Enable com- 
mand (SPE) used by the service re- 
quest interface function. Suppose an 
instrument is designed to assert 
SRQ when it has acquired some 
data. The controller must poll the 
devices to find the interrupting de- 
vice since any one ( or more than 
one) can assert SRQ, To conduct the 
poll, the controller sends SPE, a uni- 
versal command, and then addres- 
ses each device in turn and reads a 
status byte from each. If the device 
asserted SRQ, it can code the status 
byte to tell the controller why. 

Parallel Poll Configure (PPG) is an 
example of an addressed command . 
It prepares addressed devices to in- 
dicate who is requesting service. 
When ready, the devices respond to- 
gether; so a parallel poll is quicker 
than a serial poll, though more com- 
plicated. 

Device trigger is another function 



that uses an addressed command: 
Group Execute Trigger (GET) Its up 
to the instrument designer to decide 
whether to use this function and for 
what purpose. This function is pro- 
vided in the 7912AD to synchronize, 
when desired, a digitize operation 
with the GET command. 

The controller issues the Device 
Clear message (DCL) to initialize 
internal functions of devices on the 
bus. A universal command, DCL, 
applies to all devices. Its effect on 
each instrument, however, is de- 
cided by the designer who can 
choose to initialize any device func- 
tion to any state that suits the pur- 
pose of the instrument. 

So far, in addition to reviewing 
some of the interface messages, 
we've used all the control lines ex- 
cept two, REN and IFC. These lines 
are reserved for the system control- 
ler. lust as the producer holds the 
ultimate authority in the theater, the 
system controller holds the ultimate 
authority on the bus with these two 
lines. Setting REN raises the cur- 
tain; that is, it enables remote oper- 
ation of the devices on the bus. Re- 
leasing REN brings down I he cur- 
tain; when REN goes false, all de- 
vices must return to local mode 1FC 



is used by the system controller to 
call a hall to action on the bus; talk- 
ers and listeners are reset to receive 
commands from the controller-in- 
charge, a role that automatically re- 
verts to the system controller follow- 
ing an interface clear. 

Adding it up 

With this introduction to the IEEE 
488 concept, let's add up the pluses 
and minuses for the system designer 

IEEE 488 is a parallel system ♦ 
PLUS: Flexible configuration — it 
works, either in a star or linear con- 
figuration (Fig, 4), MINUS: Distance 
is limited in either configuration to 
20 meters (about 65 feet). To main- 
tain the bus electrical characteris- 
tics, a device load must be connected 
for each iwo meters of cable (no 
more than 15 devices connected). 
There's a fine point of etiquette here. 
Although you might expect devices 
to be spaced no more than two me- 
ters apart, they can be separated 
more if the required number of de- 
vice loads are lumped at any point, 

A variety of instruments can work 
together PLUS: Both simple and 
complex instruments can be con- 
nected; they need only conform to 
the parts of the IEEE 488 standard 
they implement. You pay only for 
what you need, MINUS: Not all in- 
struments include all functions. For 
example, not all instruments have 
the parallel poll function. The device 
trigger is another function that may 
be missing. At the end of a message* 
TEK instruments assert EOI when 
they finish talking; some others do 
not. They may send a special charac- 
ter or just quit talking, leaving it up 
to the controller to decide how long 
to wait before jumping in to take 
control. 

Data freedom (or anarchy). PLUS: 
Designers are free to choose appro- 
priate device-dependent messages. 
Even if instruments speak a differ- 
ent language, the standard allows 
them to be connected, MINUS; At 
least one of the instruments in a 
Talker/ Listener pair must be smart 
enough to translate if the inslru- 




Fig, 2, Handshake sequence lo move one byte from a talker to a listener. The numbers 
refer U> steps described in text. 
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Fig. 3. Thu AT N liru u.L-d to distinguish between interface (system con tnd) a ml device- 
dependent messages. 



ments use different commands or 
Formats. One volt meter may switch 
to the 100 mV range when it receives 
a character string "VGL 100 E-3”; 
another may require, instead, a 
single ASCII character. The first in- 
strument may send data in floating 
point decimal; the other in binary. 

Asynchronous data transfer PLUS: 
The handshake allows both slow and 
fast talkers to play together on the 
bus. MINUS: Everyone goes at the 
pace of the slowest device. As long as 
the race belongs not to the swift, but 
to the steady, that's all right , But 
that may mean a data rate of only 20 
kilobytes per second, it may mean 10 
kilobytes per second, or even less. 
Attention to design is required to get 
the device interfaces to go faster; it 
can be done, but it only takes one 
slowpoke to hold all devices back. 

Common data byte size. PLUS: 
Eight bits is a useful size for data. It 
fits data processing that operates on 
words that are eight bits in length 
(or multiplesof eight bits), as isoften 
iheease. MINUS: Eight-bit bytes are 
unhandy if your data happens to be 
nine bits wide, or your controller is a 
12-bit machine. 

Standard implementation. PLUS: 
The IEEE 488 electrical characteris- 
tics rely on the most common logic 
family — TTL. MINUS: The system 
is limited to medium speeds; ECL 
could go faster but doesn't fit the 
spec. 

Making it play 

There isn't room here to fit all the 
praise and blame heaped on the 



IEEE 488 standard to dale, Ii you're 
trying to put together a system, you 
want to know if you can make it play. 
How can you select the right in- 
struments and get them to speak to 
each other? 

In many cases, the best answer is 
to let someone else do it for you. Buy 
the system, or at least the main 
components, from a single manu- 
facturer who has already done 
the homework. For instance 
Tektronix offers the CP4I65 Control- 
ler with an IEEE 488 interface and 
TEK SPS BASIC software to run an 
IEEE 488 system. Another all-in-one 
controller with an IEEE 488 port is 
the Tektronix 4051 Graphic Com- 
puting System. Either way, you're 
off to a good start because die 
software that remains to be written 
amounts to filling in the blanks with 
commands ami parameters specific 
to the instruments in the system, 
TEK SPS BASIC commands for 
Tektronix acquisition instruments, 
such as the 7912 AD, make it even 
easier with high-level software that 
needs no fill-ins. 

Another advantage of buying from 
one manufacturer is that the system 
includes pieces that were meant to 
play together, Some of the minuses 
mentioned above are removed and 
some of the pluses enhanced. 

But perhaps you want to put the 
system together yourself fur any 
number of reasons. 11 doing it your- 
self includes designing an interface 
or writing extensive software, 
there's no way around reading the 
Standard, Just as its expected that a 



federal judge understands the Con- 
stitution, it's expected that an IEEE 
488 designer understands the stand- 
ard, It's dry reading, but it is thor- 
ough and complete. Be assured 
you'll eventually find the line points. 
For instance, one more than half the 
number of instruments connected to 
the bus must be powered-up to 
maintain the bus termination. Some 
users found this out on their own 
when they discovered intermit tents 
on the SRG line, but they could have 
read il first in the standard. 

The standard is thorough, but as 
designers continue to work with it, 
more questions are going to be 
raised. New design tools such as the 
7D0I Logic Analyzer and DF2 Dis- 
play Formatter, discussed elsewhere 
in ill is issue, will help answer some 
of these. Others may suggest topics 
for future articles on ihc standard. r* 

* ANSI Standard A 1C / and proposed as 

an IEC standard. The interface system is often 
called the General Purpose Interface Bus 
(GPIB). 




Fig. 4. An [fiEE 48S .system can be configured 
in either a si a j ora linear manner. 
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Pulse Generator or 
Function Generator? 
Making an Intelligent 
Choice 




BiH Rasnak o ts weii acquainted with customer 
needs, imvmg served 4 yaare as a ink field 
engineer He con times to have frequent cus- 
\ottitn contact >n hts rote irt TM50Q Product Mar- 
keting BUt has an Associate of Science degree* 
from Vtctor Valley College tn California and 
served as an electronics instructor tn the United 
Steles Ait Force 



Versatility — the ability to do many 
things well — is basically a human 
characteristic, J lowever, we often 
ascribe this virtue to instrumenta- 
tion which can perform several 
Junctions or be used for many differ- 
ent jobs. When we consider buying a 
piece of test equipment and two in- 
struments seem equally capable of 
doing our job, we usually choose the 
more versatile. 

The 40-MHz Tektronix FC 504 
Fund ion Generator and the 50- MHz 
PG 508 Pulse Generator often pose a 
dilemma for the potential pulse 
generator buyer. The comparison 
chart on page 14 gives a brief sum- 
mary of tile pulse general ion charac- 
teristics o f t h ese l wo i n s tru men L s . 
They are very similar in many re- 
spects and the difference in cost is 
small* The better choice might be 
obvious, but before deciding, let s 
consider some ot her factors; 

What are the precise require- 
ments for a pulse generator? Will 
these requirements change? Do we 
have other needs which the function 
generator would fulfill? What is the 
application fur the instrument — 
production or engineering? Who 
will be using it — skilled or unskilled 
personnel? 

Tlic first question, of course, is the 
most important, While the pulse 
ge n e ra l io n ca pubilili es of t he I wo 
instruments arc similar, there are 
st n n e i in po r L a n t d i (Terences . We 
should examine these carefully to 
determine if both instruments can 
do our job, and w ha l the tradeoffs 
may be. 

Some important differences 

Lels consider, first, how the two in- 
struments generate pulses* The 
function generator produces a 
square wave which can be formed 
into n pulse by adjusting a front - 
panel symmetry control. The result 
is an output signal which maintains 
a relatively constant duty cycle with 
changing frequency. This is a very 
useful signal for checking the re- 
sponse of power amplifiers, pulse 
transformers, and other power sen- 
sitive devices without exceeding 



their dissipation limits. 

The SYMMETRY control in the 
FG 504 varies the duty cycle of the 
square wave over a range of 7% to 
93% for frequencies up to 4 MHz, 
Since the pulse width is a Function of 
frequency, this imposes some opera- 
ting constraints, For example, the 
narrower output pulses can be gen- 
erated at an internally controlled 
repetition rate only at the higher 
frequencies* However, by triggering 
the FG 504 externally, pulse widths 
as narrow as 15 nanoseconds can be 
generated at repetition rates deter- 
in i n cd by I he ex t c r n a I 1 r i gge r. 

The pulse generator uses a differ- 
ent scheme for generating pulses. 
Separate circuits are used to deter- 
mine period, or frequency, and pulse 
duration. This gives us the capabil- 
ity of generating constant width 
pulses independent of frequency — 
an important feature in working 
with logic and control circuits, and 
one usually preferred when working 
strictly with pulses* 

The ability to complement the 
PG 508 output pulse makes it possi- 
ble to achieve output duty cycles of 
0%-100%, within 10 nanoseconds, 
the minimum pulse duration of the 
PG 508, 

Figures 2 and 3 illustrate the 
change in pulse width and duty 
cycle with a change in frequency for 
both the function generator and 
pulse generator* 

Delayed pulses 

Another factor to be considered in 
choosing a pulse generator is pulse 
delay capability. Both the PG 508 
and FG 504 have pulse delay capa- 
bility but in quite a different sense, 
in the PG 508 you can select delays 
(65 ns to greater than 100 ms from an 
external signal) with a front- panel 
control, and operate the delay in any 
of three modes: pulse output de- 
layed with respect to an external 
trigger input, pulse output delayed 
with respect to an internal trigger 
output, ami a pulse output delayed 
with respect to an intilial pulse out- 
put , The latter is often referred to as 
double or paired pulse generation. 
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Paired pulses can be generated at 
selected repetition rates with the 
delay control determining the time 
between the two pulses- 

Paired pulse operation is very 
convenient to use in evaluating a 
circuit's ability to differentiate be- 
tween two closely spaced pulses. 

In the FG 504 , delay from an ex- 
ternal signal can be achieved in sev- 
eral different ways, While not as 
convenient for pulse work as the 
delay capability in the PC 508, it has 
advantages for some applications* 
When the FG 504 main generator is 
operated in the triggered mode, the 
PHASE control can serve as a delay 
control covering a range equal to the 
pulse w id tli being generated. The 
internal sweep generator also can 
serve as a source of delay. The sweep 
can be triggered externally and the 
sweep output connected via an ex- 
ternal cable to the main generator 
trigger input. The LEVEL control 
then serves as the delay control, De- 
lays from less than 10/xs to greater 
than 100 s can be obtained at repeti- 
tion rates to *= 5 kHz. 

For many logic applications, the 
phase lock feature of the FG 504 also 
serves as a delay function. For 
example, the FG 504 can be 
triggered from, and locked to, the 
clock signal from a digital circuit. 



The PHASE control can then be used 
to control the start of the pulse out- 
put over a range of ±90° with respect 
to ihe clock signal* This is a conven- 
ient means of generating a biphase 
clock. 

Both the PG 508, with its delay 
capability, and the FG 504, with 
phase lock, are often used to gener- 
ate mulipbase clocks. The latter of- 
fers an advantage in operating con- 
venience when used to generate the 
second, third, or fourth phase. The 
master clock frequency can be var- 
ied over a wide range and the phase- 
locked FG 504 will follow without 
major readjustment other than oc- 
casional range switching. 

Pulse shaping capabilities 
In many applications, the ability to 
adjust pulse rise and fall times is 
very important. For example, typi- 
cal rise and fall times vary widely 
between logic families* If we are to 
accurately simulate logic circuit 
transact ions , variable rise and fall 
times arc a must. 

Faster- th an -specified drive sig- 
nals can cause problems through 
capacitive coupling to adjacent cir- 
cuitry. Conversely, slower-than- 
spccified drive signals to a CMOS 
gate will cause its dissipation to in- 
crease greatly during each transi- 
tion. Adjustable rise and fall times 



let us avoid these undesirable condi- 
tions. 

Controllable rise and fall times 
are also useful in determining the 
characteristics of edge- triggered 
devices. 

The fastest rise and fall times in 
the PG 508 and FG 504 are nearly the 
same — 5 ns and 6 ns, respectively. 
Both have adjustable rise and fall 
times, but with an important differ- 
ence. In the PG 508, rise and fall time 
can be adjusted independently. In 
the FG 504, one control adjusts both 
at the same time. Each has advan- 
tages depending on the application, 
A single control is more convenient 
when simulating limited band- 
width, On the other hand, independ- 
ent controls permit simulation of 
conditions where rise and tall times 
are unequal, such as in circuits hav- 
ing unequal slew rates or unequal 
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output impedances to rising and 
falling signals. 

Pulse output voltage capability 

One of die most important factors to 
be considered when purchasing a 
pulse generator is its output capabil- 
ity* It would appear from the com- 
parison chart on page 14 that the 
FG 504 has a higher amplitude out- 



put capability than the PG 508. Let's 
take a closer look. Mole the seeming 
contradiction between the peak-to- 
peak signal output capabilities and 
the unipolar output capabilities. 

A unipolar pulse is one which does 
not cross ground. Both the PG 508 
and FG 504 can generate unipolar 
pulses. But here again there are im- 



portant differences in how they are 
achieved. 

On the PG 508. independent HIGH 
LEVEL and LOW LEVEL controls 
allow you lo precisely sc l the output 
pulse over a range of ±20 volts. 
Thus, it is a simple matter to setup 
either positive or negative unipolar 
pulses up to 20 volts in amplitude 
(see Figure 4). The ability to set the 
output levels precisely is a great 
convenience for many logic applica- 
tions such as measuring noise im- 
munity or rapidly setting the output 
to actual logic levels, 

The output of the FG 504. on the 
other hand i normally swings ±15 
volts around ground , and attenuator 
and offset controls are used to 
achieve the desired pulse amplitude 
and level. The OFFSET control 
range is ±7*5 volts which allows us 
tu achieve a unipolar pulse 15 volts 
in amplitude. 

The constant amplitude output 
with post-attenuator offset provides 
an ideal signal for determining 
comparator or logic thresholds, and 
a Iso for deter m ining o p t i m u m 
amplifier bias voltages. 

The PG 508 has provision for pre- 
setting the output voltages, a time- 
saving convenience in many in- 
stances. For example, if you arc 
working regularly with a particular 
logic family, the preset controls can 
be set for that logic family and be 
available simply by pressing a 
front-panel pushbutton. The output 
voltages can also be made to track 
an external voltage — a safety fea- 
ture for some CMOS applications 
where the device can be damaged il 
tlie driving signal exceeds supply 
voltage, 

Another convenience feature on 
the PG 508 is the ability to obtain the 
complement of the output pulse 
simply by pressing a front-panel 
pushbutton (see Figure 5). This is 
particularly useful in logic testing 
where a pulse going in the opposite 
direction is often needed. 

Clean 50 il source. 

An important specification to check 
when evaluating pulse output 



FG5G0 



FG 504 



+20 V 



Maximum Positive 
Unipolar Oulpul 



Maximum Nognlive 
Unipolar Output -20 V 



Maximum 
Bipolar Output -1C V 



+7.S V Offset 




Fig. 4. Maximum unipolar and bipolar pulses obtainab.e with die PG 508 Pulse 
Generator and FG 504 Function Generator 




FI g . 5. T y p i cn tout pi it pul se w a ve fo rm s of l h e PG 508 ? u I se Ge ne ra t u r i J I us t ra l i n& 
versatile output level control. Front-panel pushbutton complements the output 
pulse. 
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A Comparison of the PG 508 Pulse Generator 
and the FG 504 Function Generator. 



Similar Features 

Output Frequency 
Output Amplitude 

Unipolar Output 

Rise and Fall Time 

Minimum Pulse Width 

External Trigger/ Gate 

Output Source Impedance 

Custom Timing Positions 

Counted Burst Output 
(with DD 501 Digital 
Delay) 



Unique Features 



PG 508 


FG 504 


Constant pulse width with changes 
in frequency 


Constant duty cycle with 
changes in frequency 


Delay and double pulse 


Phase lock to an external signal 
w i i h phase con t rol adj ust me n t 


High/ Low level output voltage controls 


A t te n u a t or a n d i> (Tse t cont r o Is 


0% to 100% duty cycle (within 10 ns) 


7% to 93% duty cycle (to 4 MHz) 


Independent rise/ fa 11 time control 
with 100:1 range 


Simultaneous rise/ Tall time 
control 


External control of output voltage 


Attenuator to 100 mV amplitude 


Selectable 1 Mft/ 50 (l trigger/ gate 
input impedance 


10 kQ trigger/ gate/ phase lock 
input impedance 


±3 V, ± slope, trigger controls 


-1 V to -HO V p + slope trigger 
control- 


Complement pulse output 


Haversine or sin 2 pulses 


3-slate trigger light 


Trianglc/ramp output. Sine wave 
output 


Control error light 


Repetition rate to 0.001 Hz 


Preset High/Low level output controls 


AM/FM modulation 




Triggerable Lin/ Log sweep with 
Linear Sweep output. 




Waveform hold below 400 Hz 



PG 508 

50 MH^ 

1 V-20 V p-p from 50 II 
±20 V Window 

20 V Max 

5 ns 

1C ns 

50 MHz 

Low Reactance 50 11 

Yes 

Yes 



FG 504 

40 MHz 

0.1 V-30 V p-p from 50 11 
±20 V Window 

15 V Max 

6 ns 

15 ns 

20 MHz 

Low Reactance 50 11 

Yes 

Yes 




Fig. 6, AcmniwiMJiial llir output him Hot sni tin- Pi. Si >8 Piilu* (u-ncr.itorCIcflJ »nd tlic 
PCS 504 Function Ck'ncnuui (ngliO revests itomc impurhuu diilprcnces in the output 
apabilitin ul iltt* two i tin trt i mentis 



amplitude is the load into which the 
output is specified. Both the PG 508 
and FG 504 are designed to provide a 
clean 50 U source. Thus, it is not 
necessa ry to terminate the out pu t 
cable into 50 ohms for many appli- 
cations. This makes the full output 
voltage available to drive MOS, 
CMOS, and other high impedance 
devices that require larger ampli- 
tude signals. 

Burst capability 

Both the PG 508 and FG 504 can pro- 
vide gated pulse bursts. This is a 
very useful feature for applications 
such as loading shift registers and 
counters, or simulating serial data. 

For some operations, simply gat- 
ing the generator on with an exter- 
nal pulse is adequate. For those ap- 
plications where the number of hits 
(pulses) must be accurately con- 
trolled, the DD 501 Digital Delay 
unit may be used with the PG 508 or 
FG 504 to provide such a capability 
up to 100,000 pulses. 

The number of pulses desired in 
i he burst is dialed up on the DD 501, 
and the delayed trigger output from 
die DD 501 is used to gate the PG 508 
or FG 504, A jumper inside the DD 
501 converts the DELAYED TRIG- 
GER OUT to a delay interval gate for 
this application. 

Some unique capabilities 

We have seen that both the PG 508 
and FG 504 can perform similar 
pulse functions. There are* however, 
operating differences and functional 
differences that may make one or the 
other more suitable for your needs. 
Both have additional capabilities 
that you should consider before 
making a final decision 

The PG 508 triggering section has 
some features particularly well 
suited to logic applications. A 
3-slate trigger light tells you 
whether the input trigger signal is 
above or below the TRIGGER/GATE 
LEVEL control setting, and flashes 
when the PG 508 is being triggered, 
ft, thus, can serve as a logic probe as 
well as being an operating conven- 
ience. The PG 508 can be triggered 
on either the plus or minus slope of 



the trigger signal. Trigger input im- 
pedances of 50 fl and l MU are 
selectable by an internal switch. 

The FG 504 can only be triggered 
from a positive going signal, but the 
LEVEL control has an extended 
range of — 1 V to + 10 V, ideal for trig- 
gering from ramps. The VCF input 
on the FG 504 can be used to exter- 
nal l\ frequency modulate the 
generator providing pulse width 
modulation or jitter simulation 
capability. 

There are two other features on 
the PG 508 which we should discuss. 
A CONTROL ERROR light indicates 
when t he set l i n g o I a ny on e u f n i n e 
controls conflicts with the setting of 
another. If there is a timing conflict, 
for example, DURATION exceeds 
PERIOD, the light will Hash, If there 
isa mode conflict, for example, SO 
WAVE DURATION and DELAY pulse 
mode selected simultaneously, the 
light will come on steady. 

The DURATION control on the PG 
508 has an EXT DUR position. In 
l his mode, the PG 508 serves as a 
pulse amplifier. The output signal 
will of the same duration as the 
trigger input signal, with the output 
amplitude and levels determined by 
the output controls. This isa conven- 
ient mode to use in converting from 
one logic family to another The rise 



and fall time controls remain opera- 
ble in tins mode allowing you to 
simulate precisely or change* the 
rise and fall times of the incoming 
signal. 

The FG 504, in addition to its pulse 
generation capabilities, ofTersall the 
versatility of a high perform a nee 
function generator: a wide range 
sweep generator that provides 
logarithmic and linear sweeps; sine, 
haversine, sin 3 , square, and triangle 
v v a ve s ; v a r i a b le sy m m e t ry a n d r i se 
time controls; amplitude and fre- 
quency modulation; phase lock op- 
eration; independent selection of 
start and stop Frequencies for swept 
applications; and very low output 
frequencies to 0,001 Hz, 

Conclusion 

For the most part, pulse generators 
are the easiest to use when pulses are 
your on I v req u i re men l . On t he ol he r 
hand, high quality function 
generators which include pulse 
capabilities suitable for digital logic 
and other applications offer greater 
versatility One should carefully 
consider these and other differences 
before deciding which instrument is 
best suited to his or her needs, k 



15 



New Products 

TheT935A Portable Oscilloscope 




Two New T900-3eries Oscil loscopes 

The newT932A and T935A combine 
features previously not found to- 
gether in low-cost instruments — 
including dual trace, differential 
display versatile triggering 
capabilities, full sensitivity x-y and 
variable trigger hoi doff. 

The T932A boasts a 35-MHz 
bandwidth at 2 mVydivand 10 
ns/div sweep rate with X10 magnifi- 
cation control. The T935A, identical 
in all these respects to the T932A 
also lias delayed sweep capabilities. 

Like the other T900 family mem- 
bers (with band widths starting at 
lG-MHz), the T9 32 A and T935A are 
reliable, low-cost instruments well 
suited for education, consumer elec- 
tronics repair, and other general 
service applications, Features like 
color-coded front panels, a beam 
finder, built-in delay lines, and a 
large 8 x 10 cm ert are designed to 
m a k e ac c u ra t e sc ope m e a s u re m e n t s 
easier than even 



The New C-5B Oscilloscope Camera 




Low-cost Crt Camera Features 
Electric Shutter and Sharp 
Three-Element Lens, 

Tlie new C-5B Oscilloscope Camera 
is an improved version of our popu- 
lar model C- 5 A. The camera now fea- 
tures a reliable electric shutter with 
speeds from 0.1 to 5 seconds and an 
improved fixed- focus, three- 
element, fl6 lens. 

The C-5B, with its interchange- 
able adapter hoods, mounts easily to 
the crt bezel of most Tektronix oscil- 
loscopes and small monitors. All 
adapter hoods have an opening in 
the top for a 1 ift-up viewing door or a 
Xenon flash unit (to illuminate the 
crt on instruments without built-in 
graticule illumination}. The flash 
unit has a flipdown viewing door. 

The C-5B is the perfect camera for 
those requiring waveform photog- 
raphy on a limited budget and who 
don't need the more-sophisticated 
Features of other Tektronix cameras, 
suchassingl e-S W ee p re c or d i n g 
capability It is especially recom- 
mended for use with the low-cost 
Tektronix T900-Scrics 
Oscilloscopes, 



Harmonica Connector to Logic 
Probe Adapter 




New Logic Probe Adapter Speeds 
Multi-Pin Connection 

Tektronix 1 new 10-Pin Harmonica 
Connector provides efficient, time 
saving plug-in capabilities for the 
P6451 Probe, used with the 7001 and 
LA501 Logic Analyzers. The Har- 
monica Connector s circuitry ter- 
minal eliminates the time consum- 
i n g mcc h an ics of a 1 1 ach i n g con Hect- 
ors individually This feature gives 
convenient access to data during 
development, manufacturing, and 
service of circuitry designed to ac- 
commodate the ,025-inch square 
pins of die Harmonica Connector s 
plug. Also, the probe head terminal 
attaches quickly anti easily to ihe 
P6451 Probe. The patented 10-pin 
Harmonica Connector contains one 
ground, one clock or qualifier, and 
eight data lines* 



Prices of these pro ducts are shown on the inquiry 
card in the center to Id, Use the card to request 
further information or a demonstration. 
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An Ultra-Stable Precision 
Demodulator for the 
Television Broadcaster 




Sieve Roth has been with Tek since 7 965 and 
has applied his talents to designing television 
products during this time. He participated in de- 
sign of the 520 Vectorscope. the 140 Series 
generators, and the 650 Series color monitors: 
heis Project Leader for the 145C Series Stave 
has five patents on television circuitry. He re- 
ceived his BSEE in 1 964 from Oregon State 
University. 
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The quality of the television picture 
we view in our homes is vastly im- 
proved over that of just a few years 
ago. Technical innovations in both 
broadcasting and receiving equip- 
ment have brought about this im- 
provement. 

In the forefront of these devel- 
opments have been advances in our 
ability to measure and analyze the 
television broadcast signal. Preci- 
sion demodulators play an impor- 
tant role in this measurement capa- 
bility. As the major link between the 
transmitted television signal and 
the baseband (video) measuring 
equipment, it is essential that the 
demodulator itself not introduce 
distortion in the demodulation 
process. However, three serious 
problems occur in today’s demod- 
ulators that make it difficult to 
achieve and maintain this level of 
performance — quadrature distor- 
tion caused by envelope detection; 
poor long- and short-term stability 
of tuned circuits caused by mechan- 
ical and thermal shock; and changes 
in bandwidth characteristics as a 
function of gain. 

In the new Tektronix 1450 De- 
modulator, these problems have 
been overcome with new technology 
and new components. The use of 
synchronous detectors resolves the 
quadrature distortion problem. Sur- 
face acoustic wave (SAW) filters and 
low-loss, temperature stable, dis- 
crete filter elements minimize the 
effects of mechanical and thermal 
shock. And constant gain amplifiers 
coupled with programmed PIN 
diode attenuators produce constant 
bandpass characteristics over a 
wide range of input signal levels. 



Design goals 

Versatility and high performance 
are often considered conflicting 
goals. Both were set for the 1450. 
Measurement of signals at the 
transmitter site and remotely off the 
air were to be made with no changes 
occurring in bandpass characteris- 
tics. Need for external attenuators 
was to be eliminated or minimized. 
Measurement of both visual and 
aural signals was to be provided for, 
and video and audio outputs suita- 
ble for rebroadcast were to be 
supplied. Ease of both initial cali- 
bration and field maintainability 
were to present a marked improve- 
ment over other available demod- 
ulators. These and other goals were 
coupled with a rigid set of speci- 
fications to define a demodulator 
that would set a new standard for 
the broadcast industry. 

Plug-in down converters 

The 1450 consists of two major 
assemblies — a mainframe contain- 
ing the power supplies, IF, video, and 
audio circuitry; and a television 
down converter (TDC) which is a 
plug-in front end dedicated to the 
customer's channel frequency. The 
Standard Broadcast System M TDC 
converts the RF input signal to the 
45.75 MHz visual IF. An optional 
System M TDC is also available for 
the 37 MHz IF, and customizing to 
other frequencies in that system is 
possible. 

RF input signal levels from -69 
dBm to -3 dBm can be fed directly 
to the input of the TDC. For stronger 
signals, an attenuator in the main- 
frame extends the maximum input 
range (in 10 db steps) to -f 27 dBm. 




Fig. 1. T he 1450 NTSC Television Demodulator. 
The plug-in down converter customizes the 1450 
to any VHF or UHF channel frequency. 




The attenuator is a slab-line, thick- 
film device which, in addition to at- 
tenuation, provides a clean 50 (l 
load for the incoming signal and a 
50 fl source for the filter that fol- 
lows. 

From the input attenuator, the 
signal goes to a front-panel connec- 
tor where it can be easily patched to 
the RF Input of the TDC. The TDC is 
housed in a milled aluminum hous- 
ing with several compartments pro- 
viding essential shielding between 
circuits. 

A block diagram of the TDC is 
shown in Figure 2. In the TDC, the 
signal encounters the first of two 

ndpass filters tailored to the 

annel frequency for which the 
TDC is designed. Each filter consists 
of two helical resonators, with ad- 
justable capacitive coupling (see 
Figure 3). The helical center conduc- 
tor consists of a selected number of 
silver-plated tungsten turns which 
are applied to a ceramic core, using 
thick-film techniques. The result is a 
low-loss filter with excellent tem- 
perature stability. 

The first of three PIN-diode at- 
tenuators that make up a calibrated 
AGC system is located in the TDC. 
Each attenuator is controlled by a 
PROM tailored to the particular at- 
tenuator and its operating environ- 
ment. Each provides 21 .7 dB of at- 
tenuation in 0.7 dB steps. With the 
1.4 dB obtained in the analog AGC, a 
total of 66 dB of attenuation is 
realized. 

Following the PIN attenuator, the 
signal gets a 16 dB boost from a 
wideband (50 MHz-900 MHz) 
amplifier and passes through the 
second filter to the first mixer. Eight 
Schottky diodes are used in the ring 
mixer which converts the RF signal 
to the IF signal. An 8-diode ring is 
used instead of the usual 4-diode 
ring to provide better intermodula- 
tion performance. 

The first local oscillator (L.O.) is a 
voltage controlled oscillator (VCO) 
operating at a frequency equal to the 
RF input plus the IF. The VCO uses a 
quarter-wave helical resonator 
(with the same temperature-stable 
construction used in the bandpass 
filters) as the frequency determining 



element. The use of a VCO and a 
sampling phase lock loop yields the 
stability of a crystal oscillator, yet 
requires only seven crystals to cover 
all VHF and UHF channels. Trans- 
mitters using ±10 kHz offset fre- 
quencies are also easily accommo- 
dated. The 6-MHz crystals drive a 
snap-off diode frequency-comb 
generator which, in turn, drives the 
phase detector. The helical resona- 
tor in the VCO is tuned near the de- 
sired L.O. frequency and then locked 
to the appropriate 6 MHz spur. Pull- 
in range of the VCO is ~ 1 MHz 
with a phase lock loop bandwidth of 
about 20 kHz. 

As a result of the use of a single 
crystal to lock to more than one 
channel, the first IF may be off- 
frequency by as much as 100 kHz for 
some channels. The mainframe cir- 
cuitry is designed to handle offsets of 
up to 250 kHz. (The converter L.O. is 
adjusted to compensate for such 
offsets before the SAW filter is 
encountered.) 

The output of the first L.O. is 
amplified to about +20 dBm before 
being applied to the ring mixer, to 



assure good intermodulation per- 
formance. A variable attenuator at 
the output of the mixer provides an 
adjustment to normalize the TDC s 
gain for interchangeability 

The IF chain 

In the basic 1450 System M configy- 
uration, the IF chain is designed toL 
function at the 45.75 MHz visual IF, 
with 37 MHz being an option. It can 
also be custom-configured to other 
IFs for those who wish to measure 
and analyze the intermediate out- 
puts of an IF-modulated transmitter. 

The IF circuitry must handle a 
wide range of input signal levels f 
(-20 dBm to -64 dBm) and yet 
maintain a constant bandpass. This 
is accomplished by operating the 
amplifiers at a constant gain and 
providing gain control with variable 
attenuation between stages. PIN 
diode attenuators similar to that 
used in the TDC are located ahead of 
the second and third IF amplifiers 
and provide up to 44 dB of AGC. (The 
attenuator in the TDC adds another 
22 dB of attenuation for a total AGC 
range of 0 to 66 dB.) 



Fig. 2. Block diagram of the down converter. The use of a VCO permits all 83 channels to be 
converted using only seven crystals. The 0-30 dB input attenuators and AGC attenuators 
permit operating amplifiers at constant gain over a wide dynamic range of input signals. 
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The 1450 provides a calibrated 
digital readout of the input power 
level, permitting the instrument to 
serve as a field strength meter with 
an accuracy of ± 1 dB and a resolu- 
tion of ±0.1 dB. Accordingly, the cur- 
rents in the attenuator diodes must 
^ set precisely, and differences in 
.node characteristics must be com- 
pensated for Adjustments are ac- 
complished through digital control 
of the diode currents. During the 
calibration process, each attenuator 
is characterized and the respective 
values are digitized and burned into 
PROMs. The PROMs then control 
}gital to analog converters that 
generate the required diode 
currents. 

A simplified block diagram of the 
AGC circuitry is shown in Figure 5. 
Selection of AGC, and selection of 
back porch or sync tip as the AGC 
reference level are accomplished by 
means of front panel controls. For 
AGC, the video output level is sam- 
pled at the selected time and applied 
to a tracking analog-to-digital con- 
verter. The output of the converter 
drives the decoder which, in turn, 
controls the PIN diode drivers. Both 
the PROMs and the digital-to- 
analog converters are contained in 
the PIN diode drivers. Fine AGC is 
applied to the IF post amplifier to fill 
in between the 0.7 dB steps of the 
PIN diode attenuators. 

The speed of the AGC loop can be 
set also by a front-panel control to 
allow the operator to either observe 
(SLOW mode), or eliminate (FAST 
^ode), variations in input signal 
levels such as hum modulation or 
airplane flutter. 

AGC circuitry also supplies con- 
trol signals to actuate alarms in case 
of loss of the visual or aural carrier. 

After the gain control section, the 
IF signal is converted to 24 MHz and 
\filtered to remove extraneous 
Tnixer output signals. The IF conver- 
ter mixer is a conventional ring 
diode mixer, with care taken to 
maintain a high degree of balance in 
the mixer. 

The filtered 24 MHz signal goes to 
the SAW filter preamplifier, and to a 
pick-off amplifier having relatively 




Fig. 3. The RF Input bandpass filter consists of 
two helical resonators capacitively coupled. The 
helical center conductor is a series of silver- 
plated tungsten turns applied to a ceramic core 
using thick-film techniques. The result is a low- 
loss filter with excellent temperature stability. 

high input impedance, to provide 
the Aural IF signal. 

The SAW filter 

Some of the most significant im- 
provements in performance 
achieved by the 1450 result from the 
use of SAW 1 filters to obtain the de- 
sired Nyquist slope characteristics. 
Conventional discrete-element 
Nyquist filters are complex devices 
difficult to adjust and maintain. 

Two Tek-designed and manufac- 
tured SAW filters are used in the IF 
chain. A wideband unit is used for 
making out-of-service measure- 
ments with only the visual carrier 
on. A narrow band unit (which at- 
tenuates the aural carrier by greater 
than 50 dB) is used for making in- 
service measurements with the 
aural carrier on. 

SAW filters offer several advan- 
tages over discrete-component de- 
signs: The desired bandpass charac- 
teristics are more easily achieved. 
For example, in the 1450, the 
Nyquist slope incorporates the 
S-shape characteristics which are in 
the new Demodulator Standards 



1 See article entitled “A 24 MHz Nyquist SAW 
Filter for the 1450 Demodulator” in this issue. 



being prepared by the EIA. (see Fig- 
ure 6). The filter requires much less 
space. There are no calibration ad- 
justments. And the filters' charac- 
teristics do not change with me- 
chanical or thermal shock. 

However, along with the advan- 
tages, the SAW filter concept offers 
several design challenges. While 
relative response characteristics 
remain constant with changes in 
temperature, the absolute frequency 
does not. A SAW filter is also difficult 
to drive. It requires low driving and 
load impedances (-10 fl) and has an 
insertion loss of about 30 dB. This 
insertion loss, and the fact that the 
ultimate rejection desired is greater 
than 60 dB, means that greater than 
90 dB of isolation between input and 
output is required to achieve the de- 
sired 1450 Demodulator perform- 
ance. (This isolation is equivalent 
to putting in a megawatt of power 
and being able to receive only one 
milliwatt.) 

The excellent performance of the 
SAW filter made the design chal- 
lenges worth tackling. The 
temperature-induced change in op- 
erating point was resolved by plac- 
ing a temperature sensor near the 
filter to generate a correcting signal 
for the converter L.O. And extensive 
shielding techniques at the input 
and output of the filter eliminated 
the undesired coupling. 

The phase lock section 

A simplified block diagram of 
the phase lock section is shown in 
Figure 7. 

The VCOs for the converter L.O. 
and the reference L.O. have to meet 
two conflicting requirements — low 
phase noise generation and wide 
pull-in range capability. Phase noise 
must be low because any phase vari- 
ations in these oscillators are added 
directly to the overall detected sig- 
nals. This could obscure the phase 
measurements that the 1450 can 
provide. Wide pull-in range is 
needed to accommodate the ±100 
kHz variation in the incoming IF, 
and also to thermally track the SAW 
filter. 

The response time of the reference 
L.O. phase-control loop is made 
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selectable so that phase errors in the 
incoming signal can be displayed 
and measured (SLOW mode) or 
tracked out and either eliminated or 
reduced (FAST mode). 

The VCOs that comprise the con- 
verter L.O. and the reference L.O. 
are of similar design. Both are com- 
posite oscillators, combining the 
low phase noise of a crystal- 
controlled oscillator (XCO) with 
the wide pull-in range of an LC 
oscillator. 

In both cases, the VCO output is 
compared to that of an XCO, and the 
resulting difference is converted to a 
correction signal by a pulse-count 
discriminator. The discriminator 
aids in achieving a rapid lock by 
supplying a large correction signal 
when the VCO is considerably off- 
frequency, and a progressively 
smaller correction signal as lock is 
achieved. This correction signal is 
used to balance out the voltage con- 
trol signal. 

The frequency lock circuitry of the 
reference VCO also accepts a correc- 
tion signal from a temperature sen- 
sor to allow for temperature track- 



ing of the SAW filter characteristics. 

The reference L.O., through the 
temperature compensation, is kept 
at exactly the frequency to which the 
incoming IF signal must be con- 
verted, to pass through the SAW fil- 
ter properly. The limiter output, be- 
cause it is the same frequency as the 
converted IF signal, is then com- 
pared to the reference L.O. Any fre- 
quency difference between the two 
signals is representative of the fre- 
quency shift that must be obtained 
from the converter L.O. to bring the 
converted IF signal "on frequency". 

The frequency lock system, how- 
ever, does not have the capability of 
responding to fast phase disturb- 
ances in the incoming RF signal . The 
reference L.O./converter L.O. phase 
lock must work through the SAW fil- 
ter which has about 7 microseconds 
of delay. This limits the rate at which 
corrections can be applied to that 
loop. 

This difficulty is overcome by 
providing a method of shifting the 
phase of the reference L.O. so that it 
can track phase irregularities in the 
visual signal. Absence of delay or 



storage elements in this control lo^p 
allow the phase to be changed as 
rapidly as desired. 

The correction signal for the phase 
shifter is derived by sampling the 
output of the quadrature detector 
during some "resting time", such as 
backporch or sync tip (front paneLp 
selectable). Since the output of th£ 
quadrature detector should be zero 
at those times, it can be used as the 
control signal for the phase shifter. 
(A continuous mode of correction is 
also available by front panel selec- 
tion, if desired.) The control loop 
will adjust the phase of the reference 
L.O. to make the output voltage of^ 
the quadrature detector be zero at 
the selected time. 

The limiter 

The limiter plays an important role 
in the second L.O., video detector, 
and aural functions and has some 
stringent requirements. It must ac- 
commodate a wide range of signal 
levels (up to 40 dB with modula- 
tion), yet introduce less than one de- 
gree of phase shift, at frequencies 
approximating 24 MHz. 




Fig. 4. Block diagram of IF and synchronous detector. Multiple amplifier stages are used to accommodate 0 to 66 dB range of AGC 
attenuation. Separate SAW filters are used for “visual only” or “visual plus aural” operations. 
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Fig. 5. AGC circuitry drives three PIN-diode attenuators for AGC range of 0 to 66 dB. PROM control of attenuator current yields 
readout accuracy of RF input within ±1 dB. 



Four differential amplifier stages 
provide a total gain of 60 dB. Adjust- 
able current sources for the 
amplifiers provide a delay adjust- 
ment mechanism for the limiter. 

With amplitude variations re- 
moved, the limiter output can also 
serve as the local oscillator for the 
envelope detector. And since any 
transmitter phase noise is inher- 
ently present in the limiter output, 
Jie Iimiteroutputisusedas the local 
oscillator for the first aural mixer 
when analyzing intercarrier IF 
performance. 

The synchronous detector 

The synchronous detector consists 
of two product detectors — one sup- 
plying the video output, the other 
'•me quadrature output. The IF sig- 
nal to the video detector passes 
through a delay line of approxi- 
mately 10.4 ns, which corresponds to 
90 degrees of the 24 MHz IF fre- 
quency. The IF signal to the quadra- 
ture detector, on the other hand, 
passes through a bandpass filter 
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Fig. 6. A "textbook" Nyquist slope response is 
achieved by the SAW filters used in ihe 1450. 

which has the same 10.4 ns of delay 
at 24 MHz, but introduces no phase 
shift of the IF carrier. Thus, two sig- 
nals in time coherence but phase 
quadrature are produced to be de- 
tected by the product detectors. 

The detector/amplifier combina- 
tions have a stringent stability re- 
quirement because the quadrature 
output is the control signal for the 
phase lock. Any errors in that signal, 
such as those caused by thermal 
drift, will cause the phase coherence 
between the IF signal and the ref- 



erence L.O. to be in error. Since ac- 
curate phase measurements must be 
made and good transient response 
maintained, the phase error cannot 
be allowed to exceed 1 degree. This 
means the quiescent output of the 
quadrature detector/amplifier 
combination must not change by 
more than ±10 mV over the opera- 
ting temperature range. This kind of 
performance is typically achieved 
only with chopper stabilization 
techniques. 

In the 1450, the required stability 
was achieved with innovative cir- 
cuit design. An integrated-circuit 
doubly-balanced mixer is used as a 
current mode switching detector. 
The bias current of the IC is set up to 
change with temperature, to main- 
tain constant transductance. The 
transductance is stabilized if the 
dynamic emitter resistances 

(r e = mk !/<* .) 

I E 

are held constant, which is done by 
allowing I E to cancel out the effects 
of the T (temperature) term. 
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The output amplifier that follows 
the detector has been subjected to 
equally concentrated design. Since 
it is a feed-back amplifier, it is inher- 
ently more stable than the detector, 
which must exhibit “open loop" sta- 
bility. The input offset voltage, how- 
ever, is thermally tracked to com- 
pensate for amplifier output voltage 
changes caused by temperature var- 
iations. 

Further, to insure that the poten- 
tial stability is actually achieved, 
the instrument is subjected to en- 
vironmental temperature cycling in 
the calibration process, during 
which a single compensating resis- 
tor is selected and installed . 

The same detector/amplifier cir- 
cuitry used in the quadrature chan- 
nel is also used in the video channel. 
As noted earlier, the video output 
signal is sampled and used as the 
control signal for the AGC system. 
Any errors in its output will affect 
■ he gain stability of the instrument. 

The end result of this attention to 



design in the detector/amplifier 
stages is a quadrature output well 
within the 1-degree specification 
and a video output level held within 
1 percent by the AGC. 

The correction voltage from the 
quadrature output is shaped by 
diode matrixes and applied to two 
mixers driven 90 degrees apart by 
the 24 MHz reference oscillator. The 
dc levels to the mixers are such that 
with zero output from the quadra- 
ture detector, the output of one 
mixer starts at full amplitude. As the 
correction voltage to the mixer in- 
creases, the output falls off in a 
sinusoidal manner until it reaches 
zero. As the correction voltage is de- 
creased, the output falls off in the 
opposite direction until it reaches 
zero. These are the two limits of the 
control signal. 

The correction voltage to the other 
mixer is such that its output starts 
out at zero amplitude and increases 
in amplitude as the correction volt- 
age is increased, and vice versa. 



The outputs of the two mixers are 
combined to give a constant 
amplitude sine wave whose phase 
can be shifted linearly with voltage. 
The bandwidth of this system is such 
that corrections can be made at a 
line rate, which is actually a limit 
imposed by the sampling of the 
reference time (sync tip or back V 
porch). 

The audio system 

With an audio section bandwidth of 
30 Hz to 20 kHz, one of the potential 
applications for the 1450 is as an off- 
the-air receiver for rebroadcast pur- 
poses. 

The 28.5 MHz aural IF carrier is 
converted to 4.5 MHz using either 
the 24-MHz phase lock reference os- 
cillator ("Split” mode), or the lim- 
iter output ("Intercarrier” mode), as 
the first L.O. Amplified and filtered, 
the 4.5 MHz signal is then converted 
to 1 MHz using a 5.5 MHz crystal 
oscillator for the second L.O. A lim- 
iter removes any amplitude varia- 




Fig.7. Converter L.O. and phase lock circuitry. Two mode system uses a frequency control loop 
to give a wide pull-in range, and a phase control loop for fast phase correction. 
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tions, and the 1 MHz signal is then 
demodulated using a pulse count 
discriminator. 

The pulse count discriminator is 
operated at 1 MHz to increase the 
available output signal, thereby im- 
proving the signal-to-noise ratio 
"yer the same circuit operating at 
4.5 MHz. The discriminator puts out 
pulses of constant amplitude and 
duration, whose repetition rate var- 
ies at the modulating frequency. The 
discriminator is an FM detector 
which exhibits high linearity, and is 
the main factor in achieving the low 
< 1 . 2 % maximum harmonic distor- 
tion specification. 

Multiple audio outputs are pro- 
vided, including 600-ohm balanced 
line, 8-ohm speaker, and front-panel 
headphone jack. Bandwidth of the 
audio section is 30 Hz to 20 kHz. 
Other outputs include an aural 
alarm to indicate loss of the aural 
carrier, a calibrated deviation out- 
put, and a 4.5 MHz IF output. 



Mechanical design 

The 1450 interior is shown in Figure 
8. Small circuit boards housed in ex- 
truded aluminum compartments 
comprise the major circuitry. The 
compartments provide essential 
shielding between the many oscil- 
lators and the sensitive circuitry. In- 
dividual covers for the compart- 
ments give maximum isolation. In- 
terconnection between circuit 
boards is accomplished with inter- 
face boards and a few rigid coaxial 
lines. Easy access to components is 
provided by use of a circuit board 
extender. 
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A 24 MHz Nyquist SAW 
Filter for the 1450 
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One of the major problems experi- 
enced by the users of precision 
broadcast demodulators is the 
change in the Nyquist filter's re- 
sponse caused by temperature 
change and mechanical shock. To 
achieve a reasonable Nyquist re- 
sponse requires a filter with many 
elements. Such filters are time- 
consuming to adjust and difficult to 
keep in adjustment. Yet, a proper 
Nyquist response is essential to the 
demodulator’s function. 

This presents an ideal application 
for a surface-acoustic-wave (SAW) 
device. These devices are usually 
small in size, highly reliable, and 
their phase response can be 
specified independently of their 
magnitude response, a distinct ad- 
vantage in this application. They 
can produce a frequency response 
that is difficult, if not impractical, to 
achieve using discrete elements; and 
once designed, the devices are easily 
reproducible. 

Perhaps a review of SAW filter 
basics would be useful at this point. 



Surface acoustic waves are essen- 
tially what the name implies. They 
are waves that travel along the sur- 
face of a polished substrate, pene- 
trating only a very small distance 
into the surface of the material. Sci- 
entifically they are called Rayleigh 
waves, in honor of Lord Rayleigh 
who first described the acoustical 
waves that travel along the earth s 
surface after an earthquake. 

Nearly any material with low me- 
chanical losses such as glass, quartz, 
ceramics, and some types of metal 
will support the propagation of sur- 
face waves. The mechanism most 
often used to generate the surface 
wave is the piezoelectric effect. Ac- 
cordingly, single crystal piezoelec- 
tric materials such as quartz and 
lithium niobate are generally used 
as the substrate for SAW devices. 

The substrate is typically about 
two millimeters thick, with the 
length determined by the desired 
frequency response. Narrow filter 
bandwidths at low frequencies, or 
very steep skirts at any frequency, 
require long transducers and, thus, 
long substrates. Surface wave filters 
are currently in use from 10 MHz to 
1.5 GHz. The lower limit is set by the 
practical size limits on the sub- 
strates, while the upper limit is set 
by the resolution of state-of-the-art 
lithography techniques and sub- 
strate velocities. One semiconductor 
manufacturer recently announced 
production of 3 GHz SAW units 
using two-stage electron-beam 
lithography. 



The drawing in Figure 1 illustrates 
generally how the surface wave af- 
fects the substrate material and how 
its effect decreases as a function of 
depth into the material. Both lon- 
gitudinal and transverse compo- 
nents are present in the surface 
acoustic waves. The velocity of the/~ 
acoustic wave is typically five orderV 
of magnitude slower than the veloc- 
ity of light, which accounts for the 
frequent use of SAW devices as delay 
lines. For example, an electrical sig- 
nal takes about three microseconds 
to traverse a cable one kilometer 
long. The acoustic wave travels 
about one centimeter in the same 
length of time. Hence, equivalent de- 
lays can be achieved with a substan- 
tia] reduction in space and weight. 

Excitation and detection of acous- 
tic waves is accomplished by de- 
positing an input and output trans- 
ducer on the piezoelectric substrate 
using thin-film techniques. The 
transducers consist of two elec- 
trodes in the form of interdigital fin- 
gers. (See Figure 2). The spacing be- 
tween the fingers determines the 
frequency of the acoustic wave that 
will be generated. 

Applying a periodic voltage of the 
appropriate frequency to the input 
transducer causes a correspondi ng 
displacement to occur in the 
piezoelectric materia! .This periodic 
displacement propagates away from 
the input transducer in the form of 
surface waves in both directions 
normal to the fingers of the trans- 
ducer. As the surface waves travel 
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down the substrate, they encounter 
the output transducer If the 
periodicity of the surface wave and 
the fingers of the output transducer 
match, an output voltage is gener- 
ated across the output transducer 

Any filter J s frequency response is 
^piquely related to its impulse re- 
sponse through the Fourier trans- 
form. SAW filters are realized by ar- 
ranging the filter transducers so that 
they produce the impulse response 
related to the desired frequency re- 
sponse. Transducers can be made to 
produce almost arbitrary finite, im- 
pulse responses by varying finger 
yngths as a function of position 
along the transducer. For example, 
to produce a rectangular bandpass 
characteristic, its Fourier transform 
(sinx/x) is designed into the trans- 
ducer pattern. 

One of the important properties of 
SAW filters is the simple metal-on- 
insulator, one-mask fabrication 
process. Once the mask is defined, 
device reproducibility is a function 
of the substrate characteristics, 
metal quality, and metal 
thickness — all of which can be made 
highly consistent. This means de- 
vices having a precise frequency re- 
sponse are easily reproducible — a 
substantial improvement over com- 
plex discrete element filters with 
their inherent adjustment and sta- 
bility problems. 

There are, however, some 
tradeoffs involved in the use of SAW 
filters — one of the most serious 
being insertion loss. It was noted 
"\rlier that conventional biphase 
transducers radiate half the 
electrical-to-acoustical conversion 
in each direction; conversely, the 
output transducer can, at most, re- 
convert into an electrical signal only 
half the acoustic power incident on 
it , for a minimum insertion loss 
^6dB. 

^Another consideration is the effect 
of triple-transit echoes caused by a 
part of the energy being reflected by 
the output transducer and re- 
reflected by the input transducer. 
This produces a periodic ripple in 
phase and amplitude in the 
passband of the filter. The triple- 




Fig. 2. An illustration of surface acoustic wave transducer operation. The spacing between 
pairs of fingers determines the frequency of the acoustic wave that will be generated. The 
input and output transducers are identical in design. 



transit signal can be substantially 
reduced by electrical mismatching 
of the input and output transducers. 
However, this also reduces the level 
of the desired signal, which then 
must be amplified, with attendant 
deterioration in the signal-to-noise 
ratio. 

A final consideration is the bulk 
wave effect caused by acoustic en- 
ergy transmitted through the bulk of 
the substrate and reflected from the 
edge surfaces. This can be 
minimized by the use of damping 
material to mount the substrate, the 
use of a track changer, and other 
techniques, but it is difficult to elim- 
inate completely. 

Some Uses for SAW Devices 

Before leaving the discussion of SAW 
filter basics we should mention 
some of the uses for SAW devices. 
Bandpass filters and delay lines are 
the two most common applications. 
Delay times from a few tenths to 
several tens of microseconds are eas- 



(A) 



- 6*10 to -Ids 
bw > 4.18MHz 




(B) 




Fig. 3. (A) Desired, and (B) actual response of 
the 1450 narrow band filter. Both curves are m 
terms of a linear vertical scale. 
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ily obtainable. Delays up to 20 mil- 
liseconds have been achieved by 
passing a signal in a closed loop or 
helical path around the crystal. 1 
However, these millisecond devices 
are still in the laboratory stage. 

The most important uses of delay 
lines to date have been for demod- 
ulation functions for receivers — 
particularly, differential phase shift 
keying demodulation, frequency 
discrimination for FM receivers , and 
noncoherent moving-target- 
indicator radar receivers. 

Recently-developed SAW resona- 
tors are finding increasing use as the 
frequency determining element in 
VHF and UHF oscillators. Their 
small size and high Q simplify 
amplifier design and provide better 
stability and immunity to external 
component variations. 2 

Other uses for SAW devices are 
still in the development stage — 
frequency synthesizers, matched fil- 
ters for correlation applications, 
and electronically variable delay to 
name just a few. 

The 1450 SAW Filters 
With this brief background, lets 
consider the SAW filters designed for 
the 1450. There are two of them — a 
wide-band unit with a passband of 
24-29.5 MHz, and a narrow-band 
unit (24-28.1 MHz) which includes a 
sound trap to remove the aural 
carrier. 

The narrow band filter has some 
unique characteristics as shown in 
the illustration of the desired re- 
sponse in Figure 3(A). The actual re- 
sponse achieved is shown in the 
photo in Figure 3(B). Both curves are 
in terms of a linear vertical scale. 
The actual response is also shown in 
Figure 4 with the vertical scale in 
terms of dB. The top photo shows the 
peak-to-peak ripple to be well 
within the 0.4 dB specification, 
while the bottom photo shows the 
filter out-of-band characteristics to 
be significantly better than the 
— 55dB specification. 

Scientific American, October 1972, "Acoustic 
Surface Waves." 

Proceedings of the IEEE, VoL 64, No. 5, May 
1976. "Surface Acoustic Wave Devices for 
Communication." 



(A) 




Fig. 4. The actual response with the vertical 
scale in terms of dB. (A) Top photo shows ripple 
to be well within 0.4 dB specification. Vertical 
sensitivity ~ 0.25 dB/div and span is 500 kHz/ 
div. (B) Out-of-band characteristics are better 
than -55 dB specification. Vertical sensitivity ~ 
10 dB/div and span = 1 MHz/div. 

Both filters use a lithium niobate 
substrate. This material has a higher 
temperature coefficient than quartz 
but is much more efficient in cou- 
pling energy between the transducer 
and the substrate. With a change in 
temperature, the shape of the re- 
sponse curve remains the same but 
the center frequency shifts. This 
shift is compensated for in the 1450 
by placing a temperature sensor 
near the SAW filter to generate a cor- 
recting signal for the IF converter 
oscillator. 

By SAW filter standards, the phys- 
ical size of the devices used in the 
1450 is large. Packaged size is 1.4 x 
2.3 inches. This is due to the rela- 
tively low frequency (24 MHz) and 
the steep skirt required for the sound 
trap. The cover photo shows the 
general layout of the SAW filter 
transducer patterns. The series of 
parallel unconnected fingers in the 
center of the device constitute a 
track changer called a multi-strip 
coupler. The track changer trans- 



lates the acoustic energy from the 
input transducer acoustic track to 
that of the output transducer. Since 
the track changer is relatively insen- 
sitive to the bulk wave energy gen- 
erated by the input transducer, little 
bulk wave signal is seen by the out- 
put transducer. To reduce bulk wavr^ 
effects still further, the substrate is V 
mounted in energy-absorbing mate- 
rial. The completed filter is then 
housed in a hermetically sealed 
package back filled with dry nitro- 
gen to keep out dust and moisture. 

In the circuitry surrounding the 
filter, both the input source and out 
put load termination impedances 
are deliberately mismatched to the 
electrical impedances of the input 
and output filter transducers. Al- 
though the mismatch increases the 
overall insertion loss, it is required 
to minimize triple-transit-reflection 
effects. The losses involved in the 
track changer, losses due to bidirec- 
tionality, and losses due to mis- 
matching add up to an insertion loss 
of about 30 dB for the SAW filters 
used in the 1450. This places some 
stringent requirements on the out- 
put amplifier of the SAW filter to 
maintain a favorable signal-to-noise 
ratio. The advantages realized by 
use of the SAW filter, however, far 
outweigh these considerations. 

The SAW filters complement the 
precision and stability designed into 
the remainder of the 1450 circuitry, 
to create a demodulator which sets 
a new standard for the broadcast 
industry, fe 




Fie. 5. Hermetically-sealed SAW filler package 
usee in the 1450. Package is 3.6 cm by 5.8 cm. 
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Spectrum Analyzer 
Applications in 
Baseband Measurements 




Morris Engeison has authored numerous arti- 
cles on ihe design of spectrum analyzers ana 
their application. He is well qualified to write on 
■his subject having worked with spectrum 
analyzers for over 15 years. Morris received hts 
BSEE in 1957 and MSEE in 1962, both from 
C.C.N.Y. 
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The modern spectrum analyzer has 
long been used for frequency divi- 
sion multiplex (FDM) baseband 
measurements such as hunting for 
spurious responses or checking in- 
termodulation. This instrument can 
also be used for most of the meas- 
urements usually performed with a 
selective level meter. 

The measurements that a modern 
spectrum analyzer such as the 
Tektronix 7L5 can make include: 

a. Amplitude levels of carriers, test 
tones, signal tones, data, etc. 

b. Spurious signal levels and fre- 
quencies due to harmonics and in- 
termodulation. 

c. Leakage at channel carrier, group 
carrier, or other frequencies. 

d. System noise levels. 

e. Frequency shifts due to changes in 
degree of modulation or other 
causes. 

f. Identification of random transient 
noise burst interference. 

g. Determination of notch filter 
shape. 

h. Checking for harmonic distortion. 

i. Checking subsystem transmission 
characteristics by means of a 
tracking generator. 

j. Noise measurements, including 
C-message and psophometric 
weighting. 

The purpose of this article is to 
provide the reader with short illus- 
trations of some of the above meas- 
urements. Detailed measurement 
techniques, interpretation of re- 
sults, and a description of the in- 
strumentation used are available in 
Tektronix applications literature 
referenced at the close of this article. 

Wide span search measurements 

Suppose one wishes to check or ad- 
just the relative levels of the twelve 
carriers spaced at 4 kHz intervals 
bounded by 659 kHz and 615 kHz. 

There might be other signals 
within the selected range, such as a 
pilot tone usually at 656 .08 kHz . The 
simulated channel bank shown in 
Figure 1 displays only the unmod- 
ulated carriers. 

With the measuring instrument 
operating normally with digital 
storage display, we can observe the 



twelve channels of interest. Note 
that the maximum amplitude varia- 
tion is 2 dB. 

Figure 2 shows a search of the full 
5 MHz spectrum . A number of active 
channels below about 2 MHz are 
shown blending into each other. Two 
tones occur just above 2.5 MHz. The 
remainder of the spectrum display 
up to 5 MHz shows only system 
noise. 




Fig. 1. Spectrum display of unmodulated 
carriers f o r ! 2 e h a n rid b a n k . 



Figure 3 shows all baseband activ- 
ity for the system of interest . One 
can observe at a glance which 
groups are occupied, which are 
missing, and whether anything is 
there that doesn't seem to belong, 
such as a suspicious tone at 1606.5 
kHz, subsequently identified as 
spurious. 

Harmonic distortion measurements 

The 80 dB on-screen dynamic range 
of the Tektronix 7L5 enables one to 
measure harmonic distortion down 
to 0.01%. When a single harmonic is 
involved, the measurement simply 
consists of determining the dB level 
with respect to the fundamental. 
This is also known as M dB down". 




Fig. 2. Zero so 5 MHz display of baseband 
spectrum . 
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The dB down level is then converted 
to a voltage ratio which, when mul- 
tiplied by 100, yields percent distor- 
tion. A simple rule to remember is 
that distortion changes by a factor of 
ten times for every 20 dB change in 
level. Thus, at 10 dB/div and the fun- 
damental at full screen, distortion 
products 2 divisions down represent 
10% distortion, those 4 divisions 
down represent 1%, and those 6 divi- 
sions down represent 0.1%. 

Figure 4 shows a —10 dBm funda- 
mental and over ten of its har- 
monics. This display was taken with 
a 7L5 Option 25 in a 7603 Main- 
frame. The instrument parameters 
are indicated on crt readout. The left 
upper position (set at 0 dBm) is 
tracking generator output — not 
used in this measurement. 

We observe the following 
amplitude levels: 

Fundamental - 10 dBm 
2nd harmonic —53 dBm 
3rd harmonic —64 dBm 
4th harmonic -60 dBm 
5th harmonic -71 dBm 
6th harmonic —65 dBm 
7th harmonic -76 dBm 
8th harmonic -68 dBm 
9th harmonic -78 dBm 
10th harmonic -71 dBm 
11th harmonic -85 dBm 
12th harmonic -72 dBm 
Intermodulation distortion 
measurements 



The ability to set frequency with a 
high degree of accuracy makes it 
easy to intercept intermodulation 
and other spurious signals whose 
frequency can be predicted. The 
high degree of accuracy also means 
that the frequency of unexpected 
spurious responses can be pin- 
pointed and the source identified. 

If three tones at 57 kHz, 2600 kHz, 
and 2714 kHz are fed to the system 
under test, the following second and 
third order intermodulation re- 
sponses will occur: 

f2(57) - 114 kHz 
a | 2714-2600 = 114 kHz 

f 2600 + 57 = 2657 kHz 
2714 - 57 = 2657 kHz 

T2714 + 2(57) = 2828 kHz 
C ' 2(27 14) - 2600 = 2828 kHz 



Theoretically, the pairs of re- 
sponses fall at precisely the same 
frequency, but the actual tones will 
be displayed as pairs due to slight 
input signal deviations in frequency. 
Figure 5 shows the two 2657 kHz 
components computed in (b), and 
Figure 6 shows the output at 2828 
kHz. 

Figure 6 also illustrates the use- 
fulness of the 7L5 s averaging func- 
tions to pick a low level signal out of 
the noise. 
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Fig. 3. Full baseband spectrum showing se\ 
oral supergroups. 




Fig. 4. Display of - 10 dBm fundamental and 
harmonics. 
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Fig. 5. Three tone intermodular ion products 



Detailed amplitude analysis 

Figure 7 shows a carrier leak at 520 
kHz. Carrier leak is the carrier signal 
that remains after suppression in a 
suppressed-carrier system. Leakage 
amplitude is -60 dBm. This is al- 
most 25 dB below the level of the 
adjacent signals. f~ 

Figure 8 shows three channel car- 
riers with the vertical scale ex- 
panded by a factor of ten to produce 
a display factor of 0.2 dB/div. The 
display was produced by connecting 
the detected vertical output at the 
7L5 front panel to a 7A22 amplifier 
set at a sensitivity ten times the 5<Jb 
mV/div output from the 7L5. Accii . 
rate vertical calibration is obtained 
by changing the 7L5 reference level 
by 1 dB and adjusting the 7A22 vari- 
able gain to get the desired vertical 
deflection (5 divisions in our exam- 
ple). Since the trace now occupies 
ten screen heights, it is necessary to 
use the 7A22 dc offset control to po- 
sition the display on screen. 
Maximum amplitude difference is 
0.6 dB and the minimum difference 
is 0.15 dB. Considering the close fre- 
quency spacing of the signals and 
the instrument flatness speci- 
fications, the measurement has an 
accuracy of better than 0.1 dB. 

Detailed frequency analysis 

For detailed frequency observation 
it is necessary to reduce the resolu- 
tion bandwidth to the point where 
individual tones can be resolved. 
With 10 Hz resolution, the 7L5 can 
perform a detailed analysis even of 
frequency-shift-keyed (FSK) signal 
as illustrated in Figure 9. 




Fig. 6. Three lone iniermodularion produci 
ai 2828 kHz. 
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Figure 9 shows the spectral 
characteristics of the first channel 
(409 kHz) in group three of the basic 
supergroup (312-552 kHz). At 50 
Hz/div we are only observing 500 Hz 
of the 4 kHz channel. With individ- 
ual components resolved, it is clear 
"'hat this is an FSK signal. Tone 
amplitude level is -60 dBm (—69 
+ 9.1)*. At a vertical setting of 10 
dB/div we can easily establish the 
level of the various tones, but the 
vertical resolution at this setting 
prevents high accuracy. For high ac- 
curacy, it is necessary to go to a ver- 
tical setting of 2 dB/div. 

booking at noise 

The ability to save, and hence to 
freeze, a spectral display in the A 
digital storage section, while section 
B continues to update, permits some 
useful measurements. An illustra- 
tion of the "Save A" feature is shown 
in Figure 10. The lower trace dis- 
plays the shape of a notch filter at 
2,057 kHz. There are also several 
spurious signals about 300 kHz 
below the notch frequency. The 
upper trace shows the update in 
Memory B with the MAX HOLD 
function activated. The MAX HOLD 
function will hold in memory and 
display the maximum amplitude 
level that occurs during observation 
time. Here a noise burst has in- 
creased the system noise by 10 dB 
while totally obliterating the effect 
of the notch filter. 

Recommended equipment 

All of the foregoing measurements 
Jan be made using the following 
equipment. Some of the basic fea- 
tures are listed. Complete specifi- 
cations can be obtained from your 
Tektronix Field Engineer or Sales 
Representative. 

7000 Series Oscilloscope: Any 7000 
Series Oscilloscope with crt readout 
Jull accommodate the 7L5 Spec- 
trum Analyzer Plug-in. The 7603 
with its large 6^-inch crt makes an 
ideal choice. 

7L5 Spectrum Analyzer: Plug-in 
spectrum analyzer with digital 
storage. 

*At 124 a, dBm = dBv -9.07 



• Frequency range: 20 Hz to 5 MHz. 
Good for 600 channel systems. 

• Resolution: Down to 10 Hz. Will 
resolve individual FSK tones. 

• Sensitivity: Down to -135 dBm. 
Good for checking those hard to 
find leaks and spurious tones. 

• Frequency accuracy: 5 Hz for accu- 
rate tuning to desired channels. 
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Fig. 7. Carrier leak measurement. 




Fig. 8. Expanded amplitude measurement ot 
i hree channel carriers at 0,2 dB/div. 




Fig. 9. Spectrum oi FSK signal . 



L3 Plug-IN Module Option 01: 

Plug-in front end for 7L5 . 

• Impedance levels: lMfl, 600D, 75fl 
for bridging and single-ended 
measurements. 

Option 25 Tracking Generator: 

Provides tracking output level over 
the full 5 MHz frequency range for 



checking component transmission 
characteristics. 

013-0182-00 Balanced Input 
Transformer: 

• Frequency range: 50 kHz to 3 MHz, 
usable from 10 kHz to 20 MHz. 

• Built-in terminations: 124H, 1350 
and NONE for bridging. 

Application notes describing in 
detail the measurement techniques 
used here are available on request. 
Customers in the U.S. and Canada 
may use the inquiry card in 
Tekscope. Overseas customers 
should contact their Tektronix Field 
Engineer or Sales Representative, fe 

“Baseband Measurements Using the 
Spectrum Analyzer’’ 

Tektronix AX-3433 

“The Spectrum Analyzer as a Frequency 
Selective Level Meter” 

Tektronix AX-3682 

“Swept Selective Level Measurements” 

Tektronix AX-3861 
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Fig. 10. The "SAVE A" feature allows com- 
parison between normal operation and op- 
e r lu i on d unng noise b u r s t . 
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New Products 

SC 503 10 MHz Storage 
Oscilloscope 




Bistable Storage for TM 500 

A new 10 MHz storage oscilloscope is 
available for the versatile TM 500 
Series. Bistable storage with auto 
erase provides a normal stored 
writingrate of 50 cm/ms (80 div/ms) 
which can be enhanced to 250 
cm/ms (400 div/ms) by trading off 
storage time. Maximum storage 
time is about four hours. In auto 
erase mode, viewing time can be 
varied from 1 to 10 seconds. The 
SC 503 can also be operated in 
non-storage mode. 

Versatile triggering — auto, 
normal, single-sweep — trigger 
view, and variable trigger holdoff 
add to the SC 503 s ease of use. Other 
important features include 3% 
vertical deflection and time base 
accuracy. A full range of input 
modes, including X-Y, is provided. 

The SC 503 r s storage capability 
makes it ideal for viewing the low 
repetition rate or low writing rate 
signals encountered in medical, 
biophysical, and electromechanical 
applications. 



DC 508 1 GHz Frequency Counter 




A Gigahertz Counter for TM 500 

The DC 508 was designed to extend 
the TM 500 counter capabilities to 
include the critical frequency meas- 
urement problems that face the 
communications industry with the 
opening of the new 800 MHz to 1 
GHz band. 

The DC 508 r s 15 mV direct input 
sensitivity allows transmitter fre- 
quency measurements to be made 
by using a remote whip antenna or 
an inductive probe. Its X100 audio 
frequency resolution multiplier 
permits measuring resolution to 10 
milii-Hertz in one second. This fea- 
ture is particularly useful for com- 
munications systems involving fre- 
quency shift keying and tone 
squelch frequencies. For example, a 
counter without the resolution mul- 
tiplier will take 100 seconds to get 
the same resolution. 

The DC 508 features a 9-digit LED 
display which indicates frequencies 
and totalizes events from 0 to 
999,999,999. Frequency range of the 
DC 508 is 10 Hz to 100 MHz (direct 
input) and 75 MHz to 1 GHz (pre- 
scaler input). 
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The 634 Video Display Monitor 




Three New Monitors Broaden Your 
Price/Performance Choice 

The new 634 Video Display Monitor 
offers superior resolution, bright- 
ness uniformity, and geometry for 
highest quality performance in 
medical-imaging applications. 
Worst-case resolution is 1100 lines 
(nominally 1400 lines) at a bright- 
ness of 100 cd/m 2 (30 fL). Geometric 
distortion is 0.5% or less over a 9 cm 
circle at the center of the screen. 

The 624 Display Monitor features 
improved brightness in a moder- 
ately priced X-Y display. A bright- 
ness of 130 cd/m 2 (40 fL) and 12 mil 
spot size assure crisp, detailed dis- 
plays even in normal room ambient 
light. The 10 x 12 cm viewing area 
permits more data to be displayed 
more clearly, including complex 
graphics and alphanumerics. 

The new 620 Display Monitor is 
very lowcost, electrostatically de- 
flected display designed to accom- 
modate OEM’s who are now build- 
ing their own displays. The 620’s 10 x 
12 cm viewing area, 5 MHz Z-axis 
bandwidth, 2 MHz vertical and 
horizontal bandwidth, and 12 kV 
accelerating potential make it an ( 
ideal choice for many price- 
sensitive, good-performance, OEM 
applications. 
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Cover: The use of color in developing a circuit 
board layout provides a convenient means of 
identifying select elements, as shown in this 
pholo of the 4027 Color Graphics Terminal. 
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The 4027 — Adding a Color 
Dimension to Graphics 




Ken Wiffett cm w to Teh in October 1975 otter re- 
ceiving his BS In Physics and Mathematics from 
Whitman College and competing a year in the 
computer sciences graduate sc hoof at 
Washington State University Since coming with 
Tek , Ken has worked on the 4020 Series Com- 
puter Terminals and PLOT ID Easy Graphing 
Software 



Oui everyday lives are greatly influ- 
enced by l lie use of color. Color 
movies, color television, and color 
printing carry much greater impact 
than theii black and white counter- 
parts. 

Calor has recently entered the 
world of computer graphics. And it 
offers much more than just the natu- 
ral appeal of color. For example, it 
provides a means of separating in- 
form a lion in multi-element charts 
and graphs. It can be used to cal I 
attention to a particular feature in 
the display. And it enhances human 
pattern recognition. 

Color bit map displays have tradi- 
tionally suffered From the high cost 
of memory involved (up to 120 kilo- 
bytes), Now, using the virtual bit 
map technique developed for (he 
4025 alpha numerics/ graphics ter- 
minal/ memory required for color 
graphics is greatly reduced, In vir- 
tual bit mapping, the operator uses a 
soli ware program to establish u 
graphics region on the display 
screen. The rectangular graphics re- 
gion can be displayed anywhere in 
the display area, with the remainder 
of the area considered alpha- 
numerics. 

The graphics region is then 
further divided into graphics cells. A 
graphics cell is the same size as an 
alpha numerics cell — 14 dots high 
by 8 dots wide. A unique approach to 
graphics programming uses a dis- 
play list and pointers to allocate 
graphics memory to only those cells 
containing graphics information. 
The remaining graphics cells appear 
in the display list as spaces. This 
greatly diminishes the memory re- 
quired , especially for si mpler 
graphs. 

The addition of color to the 
graphics display requires a change 
from a single memory plane to three 
memory planes. Thus, a virtual bit 
map cell in the 4027 is a block of 
RAM which is 8 bv 14 by 3 bits, 
rather than 8 by 14 by 1 as in the 
4025. Each pixel (raster dot) within 
the cell may be displayed in any one 
of eight colors by properly setting 
t he l h ree RAM bits assoc i it ted wit h 
that pixel. The basic 4027 contains 



48 kilobytes of color graphics mem- 
ory with options available to extend 
the total to 192 kilobytes. 

While eight colors are enough for 
many applications, there was a 
problem in selecting which eight 
colors, in the spectrum of possible 
colors, were appropriate for a given 
application. It was clear that no one 
choice of eight colors was adequate 
for all applications, and that some 
method was needed for changing the 
selection under program control. 

To provide this capability a color 
map was included in the display 
hardware (See Fig, 2), The inputs to 
the mapping mechanism are the 
three bits in the virtual bit map for a 
particular point. The outputs of the 
map are two hits for each of the three 
guns in the color monitor. This al- 
lows the user, under program con- 
trol or via keyboard commands, to 
set any one of the eight colors avail- 
able, to one or 64 possible selections 
in die map. The Tektronix graphics 
terminal color standard (see page 
7 ) was developed to allow easy con- 
trol over selections from the 64-color 
palette. 

Polygon concept saves memory 

At this point in the design, the 4027 
looked like a 4025 with color. How- 
ever, there is a difference between 
adding color to a monochrome 
graphics terminal and building a 
good color terminal. This difference 
results from the fact that users de- 
mand different operations from a 
color display than the traditional 
selection of vectors and characters. 

Most color pictures for which a 
color terminal is used contain 
solid-colored areas. This concept led 
to the development of the 4027 poly- 
gon feature. A polygon is a set of 
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points describing the peri meter of 
an area. The interior of the polygon 
boundary is usually filled with a de- 
sired color or pattern, (See Fig. 3). 

Here again the virtual bit map- 
ping technique proved to be a major 
asset because most polygons contain 
entire cells of a fixed color For these 
interior cells, it is not necessary to 
allocate graphics memory; a ref- 
erence to a solid cell of the appro- 
priate pattern or color is simply 
placed in the display list. In general, 
a solid area picture (such as a map), 
which is displayed on the 4027 as a 
set of polygons, will require signifi- 
cantly less graphics memory than 
the same picture drawn and cross- 
hatched on the 4025, Graphics 
memory in the 4027 is used only to 
draw the outline of the polygon* 
Firmware enables using another 
color to border the polygon IT 
desired. 




Fig. 1. The 4027 Color Graphics Terminal. A 
molecular modeling application Is displayed. 




Fig 2 Values of hue, light, and saturation tor 
eight colors are stored in the cobr map in the 
form of eight 6-bit words. A3-bil address from ihe 
graphics memory selects one of the 6-bll words 
as the output to the power DAC's driving the rad, 
green, and blue guns of the color cH. Each gun is 
driven to one of four levels Including off. 
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Fig. 3L The use of polygons makes efficiem use 
of memory Only the boundary cells require 
graphics memory For the background and inte- 
rior cells. a reference to a solid cell of the appro- 
priate color Is simply placed in the display list. 
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Patterns extend color choices 

In some applications, eight distin- 
guishable area types are not 
adequate. In order to increase the 
selection, the pattern concept 
evolved. Patterns are to polygons 
what dashed lines arc to vectors. A 
pattern is a user-defined 8 by 14 grid, 
where each point in the grid may be 
one of the 8 colors. Once the pattern 
has been defined, it may be used to 
fill polygons. The pattern is simply 
repeated over the interior of the 
polygon. 

There are two major uses for pat- 
terns. One is to generate additional 
colors by uniformly mixing dots of 
different colors. 

Using this technique, pictures 
containing 125 distinct colors have 
been generated from patterned mix- 
tures of the eight basic colors. 

Let s consider an example of using 
a pattern to generate a desired color. 
Assume the color map for a 4027 has 
been set according to Figure 4. Note 
lhal the color map is coded such that 
Red = C4, Green = C2, and Blue = 

Cl . If we add Red and Green (be., C4 
+ C2) we get Yellow (C6), We are now 
in a position to define color patterns. 

A master pattern cell consisting of 
8 by 14 raster dots, or pixels, is 
shown in Figure 5. The numbers in 
the master cell can be thought of as 
levels which correspond to the 
values of Red, Blue, and Green for 
the color we desire to generate. For 
example, assume we want to con- 
struct a color mixture of Red = 3, 
Green ** I, and Blue = 4. Each posi- 
tion in the master cell with numbers 
less than or equal to 4 (<4) must get 
a Blue contribution, .hose with 
numbers less than or equal to 3 (^3) 
must get a Red contribution, etc. 



Ftg. 4. Color map used for patterning. The colors 
selected provide the broadest range of discern- 
ible coky rs through patterning. 



Note that the master cell is popu- 
lated with a repeat of the pattern 
outlined in the upper left corner of 
the master cell* Let's focus our dis- 
cussion on this sub-cell. (Fig. 6(a)). 
We start with a cell of all Black (K)as 
shown in Figure 6(b). Those ele- 
ments with a value of =*3 then re- 
ceive a Red contribution as shown in 
Figure 6(c). Next, those elements 
with a value of 1 receive a Green con- 
tri but ion as shown in Figure 6(d), 
And, finally those elements with a 
value of ^4 receive a Blue contribu- 
tion as shown in Figure 6(c). We l hen 
recode the RGB color codes to the 
appropriate color combinations 



from the color map in Figure 4; the 
result is shown in Figure 6(f). 

By rcpopulating the master cell 
with this sub-pattern, we have a 
master pattern which exhibits the 
proportionate color properties of the 
desired color mixture. It is then a 
straightforward task to encode this 
pattern into the form needed by the 
4027. 
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Fig-6.; a) BasiG paitern for iho master pattern 
cell in Fig 5, Numbers correspond to the values 
of red, blue, and green for a selected color. The 
desirec color Is Red 3, Green I , Blue 4, 
Starting with an all Black call (b). Red ss added 
(c) P then Green (d), and finally Blue (e). The 
resultant colors are White, Blue, and Magenta ff). 



Fig. 5. A master pal tom cell contains the same 
number of elements as alphanumeric cells. The 
numbers correspond to l he vaUos of red, blue, 
and green for a selected color. Note the two-row. 
four-column patlern is repealed throughout the 
cell, 

13 y repeating the foregoing pro 
ccss for all combinations of Red, 
Blue* and Green in the range of 0 to 4 
wc can construct a set of patterns to 
simulate the colors Fora 5-step per 
gun color system — a total of 125 
colors. 

Patterns are also used to fill poly- 
gons with more traditional area 
coverings, such as crosshatch and 
stripes. These capabilities are avail- 
able in firmware in the 4027, making 
much more efficient memory use 
than if they were a part of the host 
soft ware. 

More than just a color terminal 

The 4027 is more than just another 
color terminal — it i,s a very versatile 
a I p h a n u m erics/gra p h i c s te r m in a I , 
One of the important operating fea- 
tures made possible by virtual bit 
mapping is the unique ability to 



scroll color graphics and alpha- 
numerics together. Tins same tech- 
nique enables definition of multiple 
graphic regions for easy recall from 
local memory. 

The 4027 uses the same functional 
PLOT 10 Easy Graphing host 
software as the 4025. Easy Graphing 
offers support for up to six curves or 
colored barcharts, line graphs with 
special symbols and dashed lines, 
legends, titles, grids, hard copy and 
plotter control. 

Fur more demanding color 
graphic applications, the PLOT 10 
Interactive Graphics Library offers 
all the support commonly required 
in graphics applications. 

A wide range o( options allows one 
to extend the display and color 
graphics memories and conned to a 
variety of peripheral devices includ- 
ing the 4632 Hard Copy Unit (Option 
06), 4642 Printer, ur the 4660 Series 
of interactive digital plotters. Both 
KS-232-Cand GPIB Interfaces are 
available. A polling interface per- 
mits multiple-terminal configura- 
tions on the host computer line. And 
a Forms Ruling Option lets you du- 
plicate essentially any form. 



Summary 

Tlie 4027 Color Graphics Terminal is 
a compact, high-performance ter- 
minal with a 13'" raster-scan display. 

The virtual bit map graphing 
technique a I lows one to perform 
many graphics functions with only a 
modest amount of memory. And a 
new color standard scheme provides 
a s l might -Forward, easy- to- learn 
method of specifying color. A wide 
range of options permits tailoring 
the 4027 to handle today's applica- 
tions, and expand easily to meet 
tomorrow's. 

In the 4027, alphanumerics* 
graphics, and color merge to provide 
a new and more versatile tool for 
information display, 

1. See The Virtual Bit Map Brings High Resolu- 
tion Graphics to the Alpharrumerlcs Terminal 
User," Tek scope Volume 10, November 1, 
1978. 
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An Easy Language for 
Talking with Color 
Machines 




Stan Davis has been involved with computer 
terminal design since commg with Tektronix in 
1968, He worked on the keyboard and other dr* 
cults for the T4Q02 * was project engineer on the 
4023. assisted on the 4081 program, and was 
prefect leader on the 4025 and 402? programs 
Stan received his BSEE and BA from Rutgers 
University in iQ&4 and an MBA from University of 
Portland tn 1975 L 

The world of color is filled with un- 
clear and ambiguous terms such as 
intensity, value, chroma ticity Many 
methods exist for specifying color, 
but most are ,r machine" oriented. 
Early in the development of the 4027 
Color Graphics Terminal, it was ap- 
parent that a people-oriented 
met hud for communicating with the 
terminal about color was needed. 
Bui how does one go about selecting 
£i color and describing it in meaning- 
ful, precise terms? Before proposing 
a solution to this problem let's re- 
view some methods now in use. 

Television is a light generator and 
is referred to as an additive color 
system. When red* blue, and green 
are combined in proportionate 
amounts, they add up to a color per- 
ceived as white. Colors for 
television-based computer termi- 
nals are often described as mixtures 
of RGB, lor example, red 3, green 2, 
and blue 0. 




Lee Hetrick developed the color standard for 
the 4027 and did a great deal of innovative com - 
puter work on the use of half tones in color 
graphics, Lee receded his BSEE from Syracuse 
University in T365 and a Masters in Science and 
Industrial Engineering from the University of 
Michigan in 1970, He Is completing tvs disserta- 
tion for a doctorate in Industrial and Operations 
Engineering , also at Michigan Lee taught Com* 
puter Science for three years at the University of 
Kentucky, A newcomer to the Northwest, he has 
been at Tek since September t9?7 



Printing pigments are light filters 
an d a re s u b t rac l i ve , W he n m agen t a, 
yellow, and cyan pigments are 
mixed together in equal amounts 
and illuminated, they subtract re- 
flected light so that black is per- 
ceived* the printing industry deals 
with separations of magenta, yellow, 
cyan, and luminance (black and 
white). I t describes colors, for 
example, as 75% magenta plus 
25% cyan. 

How do people like you and I 
specify colors? We use names and 
adjectives. Most have a clear idea 
what the following names represent; 
red, green, blue, black, white, 
orange, purple* grey, dark grey, 
brown, dark red, pink. But how 
a b ou t d a rk m a ge n ta, walnut b ro w n , 
Aztec blue, or passionate pink? 



Numerical descriptors are more 
nebulous still. What color is created 
with red = 3, green = 3, and blue = 
2? Or how do you get flesh lone by 
mixing magenta, yellow, and cyan? 

Describing and generating colors 
a l the paint store is an activity with 
which we re all familiar. We decide 
to paint the bedroom walls with a 
shade like the drapes, only lighten At 
the store we select the Aztec blue 
chip from the collection. The clerk 
then finds the numerical machine 
instructions for mixing pigments 
and mixes the paint. The room ss 
painted and the color evaluated. It 
should be a little greener and a little 
lighter, but changing it will be time 
consuming and expensive so wc de- 
cide to live with it. 

Interactivity a necessity 

We need a better approach for work- 
ing with color terminals. 

The special thing about a color 
terminal is displaying images in the 
desired colors. This is best ac- 
complished by interactivity. The 
user specifies a color. The terminal 
displays it. The user evaluates it and 
corrects it if necessary, it is impor- 
tant, therefore, that the method of 
describing color's facilitates this 
interactivity. 

To be valuable to Tektronix and 
ihe industry the method must not 
only work with the 4027, but also 
accot n i n oda te f u t u re p i od acts . 
These may have many more colors 
than the 8 out of 64 used by the 4027 , 

The method used to specify colors 
should: 

• Be easily learned and remem- 
bered . 

• Provide for interactivity. 

• Work for displays. 

• Work fur copying devices. 

• Work for devices with thousands of 
colors. 

• Work fur computers, data bases, 
transmission lines. 
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Selecting a method 

While the commercial availability 
of color graph ics terminals is new, 
color scientists have been around for 
some time, Theories and models 
abound. One text alone shows over 
30 approaches for thinking about 
color. From these, two were selected 
for further consideration — the 
double-ended cone and the cube. 

The color cube (Fig, I) relates di- 
rectly to the hardware, but is dif- 
ficuli for people to use because It is 
difficult to portray the colors inside 
the cube in an organized, meaning- 
ful way. 

In the double-ended cone (Fig. 2), 
colors are selected by specifying 
hue, lightness, and saturation, (This 
is often referred to as the HLS 
method). These attributes relate to 
how colors are perceived rather than 
generated. Hue is the characteristic 
associated with a color name such as 
red, yellow, or green. Lightness is the 
characteristic that allows the color 
la be ranked on a scale from dark to 
light. And saturation is the extent to 
which the color differs from a gray of 
the same lightness. For example, 
fire-engine red is highly saturated. 

Colors are arranged in the 
geometry of a double-ended cone 
(Fig. 2). Variations in lightness are 
represented along the vertical axis 
with black at the bottom apex and 
white at the top apex. On a plane 
which intersects the cone perpen- 
dicular to the lightness axis, all col- 
ors are of equal lightness. Variations 
in saturation are represented by a 
radial distance from the lightness 
axis. And hue is represented as an 
angular displacement around a cir- 
cle intersecting the cone. 



Fig, 1. The cube relates colors In a manner most 
comparable to the hardware, but II is difficult to 
visualize colors inside the cube. This photo was 
taken from the 4027. 

Stated quantitively, hue is a varia- 
tion of color advanced by degrees 
represented as an angle from 0 to 
360 degrees from a reference where 0 
degrees is blue. 

Lightness ranges from 0%, which 
is black, to 100%, which is white. 

And saturation is expressed as a 
percentage of the distance to the sur- 
face of the cone ranging from 0%, 
maximum white at that lightness 
level, to 100%, which is fully satu- 
rated. 

The TEKTRONIX 4027 color 
standard (Fig. 3) illustrates one 
p roduct i mp I c m cn t a tion of the 
double-ended cone. The continuous 
and infinite theoretical cone has 
been approximated by the 64 re- 
gions of color that a 4027 can gener- 
ate. The figure can be used to illus- 
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Fig, 2. The double ended cone can be used to 
express colors in terms of hue. lightness, and 
saturation. Hue is expressed in degrees from 0 to 
360, lightness from 0 to 1 00%, ano saturation 
from 0 lo 100%. 
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The lightness planer (L) shown on the scale are far 
S ■ 100 %. ir S 5 = 0% the llQhineM planes will bo; 
L « 71 - 100 (whliol 
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Fig. X The 4027 Color Standard is one imple- 
mentation of the double-ended cone concept. It 
is relatively easy to specify a desired color In 
terms ol hue. lightness, and saturation using 
such a standard. 



tube. The user can select any 8 colors 
I mm a palette of 64 , to display on- 
screen . A ihree-bit-deep, virtual bit 
map stores the information relating 
a color number, CO through C7, to 
the color of a pixel (picture element 
or dot). The red, green, and blue 
guns of the cathode ray tube can 
each be driven in 4 levels, including 
off, creating up to 64 colors. A regis- 
ter arrangement in the display con- 
troller, called the color map, re- 
members which of the 64 colors to 
generate when, for example, C3 is 
called for. 

Use of the virtual bit map graphics 
technique and other features such as 
polygons and patterns, gives the 
4027 unusual capability with only a 
modest amount of graphics memory 
The 4027 is discussed in greater de- 
tail in a companion article in this 
issue. 

Summary 

The HLS method of specifying color 
provides a terminology and concep- 
tual framework for working with 
color, ii is easily learned and re- 
membered. Users are able to select a 
color from the color cone and get il 
on-screen. They also find it easy to 
memorize the cone and input num- 
bers to the 4027 that get close to the 
desired color, on the first try. After 
judging it, they can easily change 
hue, lightness, and saturation as 
needed. 

The HLS method was adopted and 
developed for the 4027. It could be 
used by other Tektronix terminal 
and peripheral products. Indeed, it 
could well serve the industry inter- 
national I y as a method for people 
and machines to effectively interact 
with color. 



Irate the concept and assist a 4027 
user in specifying color. It can be 
seen that fire-engine red can be ob- 
tained as follows; hue is red (120°), 
lightness is 50%, and saturation is 
full ( 100%). This would be specified 
as 120, 50, 100, 



A look at the hardware 

Having discussed the method for 
specifying color for the 4027, let's 
consider the hardware itself for a 
moment. The 4027 uses a delta gun, 
shadow mask, high resolution color 
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Reliability — The 
Continuing Challenge 




William Peek is manager ot Test and Measure- 
ment Operations and chairs the Corporate Re- 
liability Committee. During his 16 years with 
Tektronix, Rift has boon heavily involved in the 
development and design ofTek products - work- 
ing as a project engineer in the 7000 Series, 
managing several product Hnes t and most re- 
cently managing tho Laboratory instrument Di- 
vision . Ho holds a BSEE and MSEE from Oregon 
State University. 



"Committed Id Excellence/' This 
phrase, an integral pari of our com- 
p a n y logons m o re 1 1 1 a n j u s t a n a d * 
vertising slogan. It is the guiding 
philosophy for all of our day to day 
act i v i t i es — des ign i n g p man uf a c 1 u i - 
mg, selling, servicing* Strict adher- 
ence to this philosophy has earned 
Tektronix a reputation as a manu- 
facturer of quality test and mea- 
surement and information display 
products* 

Inherent in the term "quality" is 
another concept —"reliability/' 
These are closely related but sepa- 
rate concepts, For example, quality 
parts may be assembled in a skilled 
manner, Bui it is their application in 
the circuitry which ultimately de- 
termines reliability. 

Reliability goals a necessity 

Reliability doesn't "just happen/’ II 
must be designed into the product 
just as any other specification* This 
requires setting a reliability goal 
early in the design phase. 

The goal is set through discussions 
between the design engineer, the re- 
liability engineer, manufacturing 
engineering, product marketing, 
and others. Many factors are i n- 
volved — operating environment, 
type of application, and cost, to 
name just a few. The objective is to 
establish a reliability goal which 
will ensure continued customer 
satisfaction with the product. 

Once the reliability goal has been 
set, a design strategy is selected that 
assures reaching the objective in a 
cost-effective manner. It may re- 
quire development of a new inte- 
grated circuit, use of a premium 
part, or special temperature control 
techniques, perhaps all three. The 
design engineer has extensive sup- 
port in making these decisions. 

Component support 

With the rapid change taking place 
in solid state and other devices it is 
a real challenge for the design en- 
gineer to be knowledgeable about 
every component. At Tektronix, the 
Component Engineering group as- 
sists designers in this task. Their 
primary function is to provide 



evaluation, characterization, speci- 
fication, and application informa- 
tion for Tektronix purchased 
components, 

Component Engineering consists 
o F severs 1 spec ia I i zed e v a lua t ion 
groups covering analog, digital, 
electromechanical, opt odect runic, 
and passive components, Specialists 
in each of these areas serve as exten- 
sions of the product design team, 
providing component applications 
guidance. 

Another group, Component Re- 
liability Engineering, determines 
cost-effective component screening 
and reliability assurance proce- 
dures, performs comparative evalu- 
ations for selections of package style 
and vendor of highest reliability* and 
performs electrical analysis of com- 
ponents that fail. 

Typical reliability assurance pro- 
cedures developed by the group for 
discrete devices and microcircuits 
are based on MIL- STD 750 and 
MIL- STD 883, For example, the pro- 
cedure for MOS memories is 100% 
burn-in per MIL-STD 883, Method 
1015. at 125X for 96 hours. Digital 
and linear microcircuits are tem- 
perature cycled per MIL-STD 883, 
Method 1010, followed by 100% 
burn-in per MIL-STD 883, Method 
1015 at 125°C for 160 hours. A Ligh- 
ten! peraturc functional lest is per- 
formed a t 1 00%\ folic nved by electri- 
cal Lest at room temperature. For 
transistors we use a reliability lot 
acceptance test using power burn-in 
per MIL-STD 750, Method 1036, fol- 
lowed by 100% electrical testing. 

Note that these are "typical 1 ' pro- 
cedures, and are modified accord- 
ingly to meet specific reliability 
requirements. 



10 




Fig, 1. Tek uses it's owr\ S-3230 Sefies Test Sys* 
terns to perlot m incoming inspection on mi!!ions 
ol parts annually, 



Component Reliability Engineer- 
ing plays a vital role in our long- 
term reliability program by per- 
forming failure analyses of parts 
removed by out Field service centers* 
Returned parts undergo electrical 
tests, and those found to be defective 
are analyzed to determine the fail- 
ure mode* Parts arc filed to be avail- 
able for further analysis at a later 
date if desired* 

Component Reliability Engineer- 
ing also performs special analyses 
on request. For example, an exten- 
sive study was performed to deter- 
mine the reliability ol plastic encap- 
sulated semiconductor devices 
under various humidity conditions* 
In an evaluation of devices removed 
by our field sendee centers, it was 
found that humidity was not a sig- 
nificant contributor to field failures. 



Tek made components 

While most of the activities just dis- 
cussed are devoted to ensuring the 
reliability of purchased parts, there 
is comparable activity taking place 
relative to Tek- manufactured com- 
ponents. In many ins Unices, the de- 
sired performance cannot be 
achieved with purchased parts. Ac- 
cordingly, Tektronix has developed a 
substantial in-house component 
capability* This includes resistors, 
capacitors, transformers, coils, 
switches, relays, cathode ray tubes, 
solid state devices, printed circuit 



boards, etc. Each of the major com- 
ponent groups has its own reliability 
personnel and programs. 

The Integrated Circuit Manufac- 
turing (It M) group has developed 
programs and testing capabilities 
that are among the most com* 
prehensive in the industry Reliabil- 
ity programs for new devices are es- 
tablished at the beginning of the de- 
sign phase. Drawing upon years of 
experience, a checklist of some 34 
factors has been prepared, against 
which new designs must be evalu- 
ated before design acceptance. One 
of t hese factors is the set t i ng of a 
reliability goal for the device ami 
defining life- test conditions. 

Reliability inspection parameters 
for each device are established using 
MIL-STD883 as a basis. Both me- 
chanical and electrical tests are 
included, A look at just a few of the 
tests performed will serve to 
illustrate the thoroughness of the 
program, 

Thermal shock consists of 15 cy- 
cles of -55°C to + 125T, air-to-air, 
with a 4-5 second transfer time. Fine 
and gross leak checks (on cavity 
packages) follow the thermal shock 
tests. On some devices leak checks 
are performed both before and after 
thermal shock. Next comes 10 days 
of temperature and humidity cy- 
cling, Temperature is cycled once 
every 24 hours over a range of -I0°C 
to +65°Cai humidities of 90 to 98%. 

I ’owl* r m ay be ap plied d ur i ng a 1 1 or 
part of this test. The high tempera- 
ture operating liFc test then follows. 
Ambient conditions and electrical 
conditions are adjusted to yield 
junction temperatures from 125 to 
200X, depending on the design of 
the device. Typical test limes are 
1000 hours, or as the reliability goal 
dictates. These tests are performed 
in series to qualify a new product for 
certification. 

Production run devices receive 
100% burn-in and 100% testing in 
accordance with the reliability goals 
set for them. In addition, life tests 
are performed on a continuing basis. 
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The 1CM group performs its own 
failure analysis* Their sophisticated 
test equipment includes a scanning 
electron microscope (SEM), optical 
microscopes, curve tracers, 
cameras, and an electron micro- 
probe (EMP). The photo in Figure 3 
shows a typical application of the 
SEM in determining the source ol an 
intermittent open in an integrated 
circuit lead. 

The cathode ray tube is another 
key component manufactured at 
Tektronix. Reliability programs for 
this device center on maintaining 
tight control of production pro- 
cesses, analysis of field returns, and 
continuous life testing. New mate- 
rials and processes arc thoroughly 
tested before release for use in pro- 
duction units. 

Tck has one of the finest electro- 
chem facilities on the West Coast. 
Reliability of etched circuit boards 
is primarily a function of attention 
to the materials and processes used, 
A well-equipped metallurgical labo- 
ratory exists to ensure continuing 
quality and reliability in the metals 
we use. Because complex multi- 
layer circuit boards require precise 
process control, much of the lab's 
activity is devoted to microscopic 
analysis of these boards to assure 
electrical and metallurgical con- 
tinuity of the contacts. Boards are 
examined for the quality of 
through-hole plating following the 
critical processes, and again after 
the holes have been soldered, as in 
the assembly process. Close atten- 
tion is also given to handling and 
cleaning techniques to avoid the 
development of leakage paths. 

The foregoing examples are typi- 
cal of the attention given to reliabil- 
ity by all of the component groups at 
Tektronix. 



Ffg. 2. One hundred perceni bum-tnot memories 
and other solid stale components weeds out in- 
fant mortalities and marginal devices. Operator 
is loading components into I he cycling rack. 



Component reliability information 

To realize maxi mum benef it from all 
of this component reliability activ- 
ity, component information must be 
readily available to the design en- 
gineer and other interested parties. 
This is provided through personal 
consultation and by various internal 
publications. 

A five-volume in-house parts 
catalog lists preferred parts, which 
have been determined to be accept- 
able for new design. Frequent up- 
dating keeps the catalog current. A 
companion publication, Device De- 
rating Guidelines, provides further 
guidance in component selection. It 
includes stress and excursion limits, 
fa i 1 ure ra i e i n fo n 11 a t ion. a n d d era t - 
ing notes. The information is de- 
rived from our own experience, 
manufacturers' notes and recom- 
mendations, and various reliability 
handbooks, MIL-HDBK-217B is 
referenced in much of the material. 



A biweekly publication, Compo- 
nent News, keeps the engineering 
community up-to-date on new com- 
ponents, their application, and in- 
formation on quality and reliability. 
ManuFACUtring, a monthly publica- 
tion, facilitates communication 
among Tck manufacturing areas. It 
also serves as an informal liaison be- 
tween engineering and manufactur- 
ing groups, with much of the content 
devoted to reliability. Other publica- 
Lions including application notes, 
designer's guides, and users’ hand- 
books are published periodically. A 
selection of data books from outside 
vendors is also read i ly available. 

Another source of information is a 
computer program called "RELY" 
a vaila bl e o n ou r sc ie n t ific co mpu t e r. 
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Fig. 3, The scanning otectrcn microscope is a 
valuable lool lor performing derailed analysis of 
sem (conductor manufacturing processes. 
Source of a I hot mat intermittent is shown in this 
SEM photo revealing a cracked bond wire 



This program enables designers and 
evaluators to analyze the effect of 
pa its population on ret lability early 
in the design phase. The program, 
originally based on MIL- R-2 6474, 
has been updated to use JVUL- 
HDBK-217B generic failure rates. It 
includes all applicable categories in 
2I7B. Base failure rates for plastic 
encapsulated devices, which are not 
included in 217B, are derived from 
Tek field experience data. RELY is 
widely used to help us keep on target 
with respect to our reliability goals. 

Product reliability engineering 

Moving up from the component 
level, let s consider some of the pro- 
grams and facilities devoted to 
product reliability, Tektronix uses a 
planned phase system of new prod- 
uct development and introduction. 

Bv the time a design is completed, 
the reliability program for the new 
product must be established and a 
schedule for execution defined. 



During prototype development, a 
number of units will be tested to en- 
sure the reliability goal has been 
met. Once into production, routine 
reliability audit tests (usually 500 
hours) are performed to verify the 
product meets expected quality and 
reliability levels. 

Product reliability testing is the 
responsibility of the Product Relia- 
bility Engineering group. This 
group provides consultation in the 
setting of reliability goals and pre- 
dictive ana lysis of re I i a bility ea rl y in 
the design phase. It also establishes 
test procedures for verifying relia- 
bility The procedures are designed 
around MIL-781 and are custom I at- 
lored to the product. 



For example, a vibration test 
(usually 500 hours) is included for 
portables, to detect problems pecu- 
liar to their application. To acceler- 
ate life tests, instruments are cycled 
at elevated temperatures of 40° or 
50 C C The group operates their own 
temperature-controlled test rooms 
and shake tables. 

A well -equipped environmental 
laboratory and trained staff provide 
support to the engineering reliabil- 
ity group and others. Their 
capabilities and services are divided 
into three categories — the 
Dynamics Lab, Atmospherics Lab, 
and Electromagnetic Compatibility 
Lab. 

As the name implies, the 
Dynamics Lab tests how well a 
product withstands physical abuse 
— shock, vibration, shipping, etc. 
Vibration tests are conducted over a 
range of 10 Hz to 55 Hz, or higher, 
with careful observation of compo- 
nents and mechanical structure. A 
"qualification shake 1 ' is included 
which consists of 75 minutes of 
swept and constant frequency vibra- 
tion, This simulates operating and 
non-operating conditions experi- 
enced whenever the unit is wheeled 
on a cart or transported in a car 
trunk. A series of rotational drops 
simulate bench handling of the 
product. The product is then pack- 
aged for shipment and undergoes a 
vibration Lest simulating transit on 
a truck or cart. The packaging drop 
test calls For the product to be drop- 
ped on each corner, edge, and sur- 
face from a height of three feel for a 
total of 26 drops. Forces up to 60 
"gV'are experienced in this test. 

fn the Atmospherics Lab the 
product is exposed to extremes of 
temperature, humidity, and other 
elements. Non-operating tests in- 
clude exposure to a high of 125°Cand 
a low of — 65°C. Operating tempera- 
ture tests are also conducted over a 
wide temperature range as called for 
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A nationwide net work of Tek- 
tronix service centers return «iH de- 
fective warranty parts with a report 
which gives the instrument type, se- 
rial number, circuit symbol, part 
number, and description of the part- 
The returned part is tested and then 
analyzed by the Component Relia- 
bility Engineering group discussed 
previously. 

Failure data is recorded by the Re- 
liability Information Services 
group. Failure information is 
gathered from many sources 
worldwide — Reliability Lab tests, 
manufacturing plants, Incoming In- 
spection, and manufacturing qual- 
ity audits. 

Warranty failure data, along willi 
production data, is computerized 
and made available to top manage- 
ment and others on a routine basis. 
Data is supplied in several formats 
making it readily apparent when a 
problem exists with a particular 
production run, a pat t ( or an appli- 
cation of a part. 

A side benefit of this activity is the 
ability to determine parts inven- 
tories for field service centers This 
improves the service centers' ability 
to stock the right parts for warranty 
repairs. 

The reliability structure 

Thus far we have discussed pro- 
grams and facilities, but little about 
the people involved in reliability. 

There is a high level of interest in 
reliability ai the corporate level. A 
Corporate Reliability Committee 
provides visibility and coordination 
of quality and reliability activities 
across the entire product line. 

Reports from the Reliability In- 
formation group showing the per- 
formance of each product lint* and a 
comparison of product I incs are re- 
viewed and discussed by the corpo- 
rate group. 



Flg, 4. Continuous HI©- cycle testing of cathode 
ray tubes ensures product on units meet ok* 
peeled life limes, 

in the specification. Storage testing 
is performed at a 50,000 foot eleva- 
tion to simulate transit in unpre- 
ssurized aircraft freight compart- 
ments. The lab also performs salt 
spray, sulfide atmosphere, ul- 
traviolet, flammability, and other 
tests. 

In the Electromagnetics Lab the 
product is checked for electro- 
magnetic emanations, either 
radiated or conducted, and for its 



susceptibility to such signals. Elec- 
trostatic discharge testing is also 
performed to measure both the 
charge build-up on the instrument 
and the effects of external dis- 
charges on its opera t ion. The group 
also performs X-radiation tests. 

Reliability feedback 

With all of the foregoing materials, 
components, and finished goods 
tests, the ultimate test of reliability 
is the product's performance for the 
customer. How do we measure that 
performance? 
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Fig, 6. A unit undergoes drop te&L to ensure 
packaging will prevent damage to instrument 
during transit. 



Summary 

With all of the activity devoted to 
reliability one would expect every 
instrument shipped by Tektronix to 
perform perfectly for the entire war- 
ranty period and well beyond. Most 
do. But there are exceptions. A host 
of people at Tektronix are dedicated 
to making those exceptions a rarity. 



Fig. 5. Thorough testing of printed circuit boards 
before Installation in final assembly Is an impor- 
tant slop In the reliability process. 



A subcommittee, Reliability En- 
gineering Sub-Committee Unit 
(RESCUJ, consisting of reliability 
specialists from the business units, 
m a ke u p a s m a 1 1 e r, work i r i g grou p 
which identifies and resolves inter- 
divisional problems. 



A corporate quality audit group 
also randomly selects products from 
finished goods inventory and per- 
forms critical examinations. In- 
cluded is a 500-hour accelerated life 
test. 

In general, the reliability engineer 
has the responsibility for the relia- 
bility program fora particular 
product line. These specialists help 
designers develop new products to 
meet desired reliability goals. They 
also can, and have, put a hold on 
production oT a new product until 
the reliability goal set for that prod- 
uct has been met. 
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New Products 

Two New Automated LSI Testers 







k 

The S-3270 20 MHz LSI Tester 

Two new automated LSI Testers 
have been added to the Tektronix 
S-32G0 Series, The S-3270 repre- 
sents the state-of-the-art in device 
characterisation while the S-3250 
makes the proven capabilities of the 
S-3200 Series available in a medium 
cost, high performance production 
and incoming inspection test system* 
Both machines offer a number of 
high performance features. Twenty 
megahertz operation permits test- 
ing the newer LSI devices at their 
full operating speed, A local memory 
of 4K of RAM per pin (shift register} 
is standard, and an additional 4K of 
RAM is available ass an option, A 
seven- phase clock is standard, with 
14 phases optional* Return to inhibit 
(RI) driver format for high speed I/O 
bus testing is included. Other driver 
formats included are non- ret urn to 
zero(NRZ) r return to zero (RZ), re- 
turn to one, and return to comple- 
ment. Operating software language 
is the device-oriented TEKTEST III, 
field proven on the S- 3 260, An exten- 
sive library of routines for reducing 
test data is also available* 
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25 Storage/ Refresh Graphics 
Display for OEM Market 




GMA 125 Display Module 

TheGMA 125 is a high speed, 25-inch 
graphics display designed specifi- 
cally for the OEM market. Featuring 
70% more display area than 19 inch 
displays, ihe GMA 125 is ideal for 
computer-aided design and man- 
ufacturing, publishing, and auto- 
mated cartography. 

The direct- view-storage tube 
achieves high-quality high-density 
graphics at low cost* And the sub- 
stantial refresh (write- through) 
capability provides interactivity 
which greatly enhances the versatil- 
ity of the system. 

A full range of opt ions, including 
analog and digital interfaces, 
minimizes the time needed for the 
OEM to electronically integrate the 
display into his product. 

The high-efficiency switching- 
type power supply reduces power 
consumption and weight. It also 
provides inherent compatibility 
with 220 volt , 50 hertz power source 
for international applications. 

The GMA 125 chassis is a symmet- 
rical structure so the entire unit can 
be rotated if a designer needs a long 
axis vertical format . It also can be 
mounted with any degree of tilt. 



The 4010 Series Adds 
25* Graphics Capability* 




4016*1 Computer Display Terminal 

The designers of electronic circuit 
boards, utility networks, schematic 
diagrams* street maps, and similar 
applications will welcome the in- 
creased work space provided by the 
large 25" diagonal screen of the 
4016-!, Using a direct view bistable 
storage tube display, graphic lines 
are sharp, stable, and non-flickering 
making it easy to study the finer de- 
tails of a design. The thumbwheel- 
controlled crosshair cursor makes it 
easy to interact precisely with this 
detail. 

The 4016-1 was designed for 
complete compatibility with 
TEKTRONIX 4010-1 application 
software, communication support, 
and other Tektronix peripheral de- 
vices commonly used with the 4010 
Series of terminals. 

The 4016-1 includes a convenient 
detachable keyboard and detach- 
able display* 

A variety of hardware enhance- 
ments are also standard on the 
4016- 1 * They include hardware gen- 
erated solid, clashed, and dotted 
lines, point plotting with software- 
controllable point size, incremental 
'’relative graphics" plotting, and 
foui- bat'd ware character formats. 
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The 4663 — Large Plotter Capability 
with Small Plotter Convenience 

The 4663 Is a C-size Interactive digital plotter 
that features easy set-up. plotting on a variety of 
media, and fast dual-pen plotting Extensive 
firmware provides unusual versatility even with 
a host computer of llmlied capability. 




Tekscope is a bimonthly publication of Tektronix , 
Inc, In it you will find articles covering the entire 
scope of Tektronix' prod u cl s. Technical articles 
discuss whal's new in circuit and component 
design, measurement capability, and measure* 
men! technique A new products section gives a 
br ef description of products recently Introduced 
and provides an opportunity to request further 
information 



Parameter Entry Device Simplifies 
Plotter Set-up and Servicing 

The parameter entry device replaces the usual 
profusion of rear-panel switches and jumpers, 
with just eight LED-fit pushbutton switches 
The plotter can be put in a preselected operat- 
ing configuration by pressing a single push- 
button switch. 




Updating the Industry-Standard 
100 MHz Portable Oscilloscope 

The new 4658 updates the industry standard 
with new display capability, faster sweeps, and 
even better reliability. Front-panel layout re- 
mains essential ly the same as the 465 to elimi- 
nate the need for operator retraining. 
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Cover: Setting up the 4663 Interactive Drgitat 
Plotter is greatly simplified through the use of 
the parameler entry device pidured here. The 
parameter entry card provides for step-by-step 
selection ol the desired operating parameters. 
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The 4663 — Large Plotter 
Capability with Small 
Plotter Convenience 




Douglas Bingham 



Doug worked as a summer student at Tek white 
pursuing his B.SEE, at the University of 
Washington , He received his B S.EE in 1965 
and his M S.E.E. in 1967, Following a stint with 
the rmktary t Doug returned to Teh fuff time. He 
has worked on various microprocessor investh 
gallon projects, with his latest assignment as 
Firmware Project Engineer for the 4662 and 
4663 Digital Plotters 



Most plotters are either too small or 
too large, too limited or too sophis- 
ticated, for many of today's applica- 
tions. 

The new TEKTRONIX 4663 
C-size digital plotter is designed for 
those jobs requiring the versatility 
of a large plotter and the conve- 
nience and operating ease of a small 
plotter. 

In applications like printed cir- 
cuit board layout, numerical con- 
trol, mapping, drafting, and report 
generation, most jobs fit easily on 
the 4663 's 17 x 23,5 in plotting area. 

The 4663 provides a choice of 
plotting media. Any media si?.e up 
to U.3. C size or European A2-size 
(420 x 594 mm) paper can be ac- 
commodated by the electrostatic 
hold-down platen. For automated 
production of multiple plots, an 
optional programmable paper ad- 
vance for roll stock is available, 
Plotting can also be done on acetate 
fil m for preparing transparencies, etc. 




Guenther Wtmmer 



Guenther came to Tektronix in 197 7 with an ex- 
tensive background in the design of com- 
puterized numerical controls and precision 
large-scale photo plotters He has teen in- 
volved with Teh's digital plotter program since 
fts beginning , serving as Project Engineer for 
the 4661 , 4662, and 4663 



The media choice is comple- 
mented by a choice of fiber tip, ball 
point, and wet ink multi-color pens. 
The 4663 features a dual pen car- 
riage for fast two-color plotting. Pen 
selection is programmable, and op- 
timum pen velocity and pen force 
for each pen station can be assigned 
by the operator. 

Versatility with operating ease, 

Versatility is often synonymous 
with complexity — but not in the 
4663. A unique parameter entry 
device replaces the profusion of 
switches, jumper straps, and other 
rear panel arrangements common 
to most plotters, terminals, and 
similar peripheral equipment. 

Some dozen system parameters 
and a like number or interface pa- 
rameters can be preset using the 
parameter entry card. Eight LED- 
lit pushbuttons located just above 
the card indicate the status of each 
parameter, as the card is moved in 



or out one line at a time. All that is 
needed to change a parameter is to 
press the appropriate pushbutton , 
The selections are stored in the 
baltery-backed-up Parameter RAM 
which, in the standard instrument, 
will retain one complete user- 
environment specification fora 
minimum of 90 days, even with the 
instrument turned off for the entire 
period. Additional Parameter RAM 
is available, as an option, to store 
up to four user-environment 
specifications. A single keystroke 
will recall any one of the four and 
place the 4663 in the selected opera- 
ting mode, ready for plotting. This 
ease of changing parameters makes 
it easy to change baud rate, parity, 
etc., when switching from one host 
computer to another The parame- 
ter entry device is discussed in more 
detail on page 8 of this issue. 

Simplified control panel 

In addition to the parameter entry 
device, a series of front- panel con- 
trols provide manual selection of a 
variety of commands. Eight major 
control groups and two shift keys 
give you a choice of over 20 func- 
tions from an uncluttered, easy to 
understand front panel. 

The selections and functions pro- 
vided on the parameter entry device 
and the front panel provide great 
flexibility in how the plotter is to be 
used. Few, if any, selections are re- 
quired to 'get a plot/' However, the 
operator can exercise considerable 
local control over the production of 
a plot without requiring extensive 
and cumbersome host computer 
support. For instance, graphics 
which have just been previewed at 
high speed on a graphics terminal 
can be re plotted as a C-size draw- 
ing, at maximum speed, using a 
ball-point pen and coarse alpha 
characters {w hich are faster). They 
can then be plotted again as an 
A-size drawing (in vertical format 
as for a notebook) using a wet-ink 
pen and enhanced (high precision) 
alpha characters. Both plots can be 
drawn without making changes to 
the host program. 
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Such local configuration capa- 
bility is ideal for applications where 
the plotter is used for output in- 
volving several media and pen 
types, several different presen- 
tations (standard drawings, text il- 
lustrations, overheads), or several 
different hosts or local storage de- 
vices. The 4663 is smart enough to 
provide the desired output under 
this wide range of conditions. 

The initial set-up selections pro- 
vided on the parameter entry card 
allow the 4663 to be quickly tai- 
lored to the type of pen to be used, 
the type of media; and the desired 
initial viewport size. The front- 
panel PAGE function can be used to 
locally calibrate the plotter to the 
absolute media dimensions, which 
will exhibit minute size variations 
as a function of humidity and 
printing variations. 

In many instances it is desirable 
to use only a portion of the page for 
plot ling. This is accomplished 
through the SET VIEWPORT func- 
tion A special often-used viewport, 
such as a mailing label, can be 
saved as a ''user-defined*' page via 
the parameter entry card. The view- 
port can also be set by the host 
computer via the VIEWPORT 
command. 

In some applications you may 
want to digitize a drawing or plot 
and transmit the data to the host or 
a terminal. Digitizing commands, 
the front -panel POINT functions, 
and the joystick make this easy 
to do. 

Other front-panel cont rols let you 
operate the plotter on- or off-line 
and in a local or remote mode. Pen 
force controls provide for fine- 
tuning the individual pen forces 
selected by the parameter entry 
device, for selecting a desired pen, 
and for raising or lowering the 
active pen. 

Extensive firmware 

Extensive firmware is an important 
key to the versatility and operating 
ease of the 4663. 




Ftg. 1, The 4663 Interactive Digital Plotter provides the versatility of a large plotter in a convenient and 
easy-to-use C-slze configuration. 



Operating commands for the 
4663 can be divided into six ma jor 
groups: 

Interface commands 
Plotter device commands 
Graphic plot commands 
Transformation commands 
Alphanumeric commands 
Graphic input commands 
As a typical example of the 
firmware capability resident in the 
4663, lets consider the transforma- 
tion commands. These commands 
allow you to modify graphic or 
alpha commands from a host that 
may have a minimal graphics 
capability. For example, motion 
commands can be translated, 
scaled, rotated, and/or skewed be- 
fore being plotted. Alt of these 
modifications can be accomplished 
by the control firmware in the plot- 
ter, without modifications to the 
host or its data. 

Transformation is accomplished 
by multiplying each incoming 
command by a transform matrix 
containing the desired modification 
parameters (such as rotation, scal- 
ing, etc.). 

Transform commands also allow 
you to change the viewport size and 
location, and to define window pa- 
rameters, The window parameters 
are established in World Units, i.e., 
inches, pounds, angstroms, etc,, and 
define the values of the edges of the 
viewport, Another command in- 
cluded in the transforms is the clip- 
ping control command. This com- 



mand allows you to clip at either 
the viewport or the page boundary. 

A comprehensive set of graphic 
plot commands allows flexibility in 
the choice of dimensional coordi- 
nate units, the type of line to be 
drawn (solid* dashed, etc.), the 
coordinate type (absolute or rela- 
tive), and the choice of which pen 
will be drawing. 

The choice of dimensional coor- 
dinate units, or graphic units, in- 
cludes World Units and Device 
Units, (World Units are the units 
defined by the current window 1 .) 
When Device Units are chosen 
you have a Further selection of Ad- 
dressable Device Units (ADUs), 
Graphic Device Units (GDUs), or 
millimeters. 

ADUs provide device-dependent 
device addressing with a numeric 
addressable range of from 0 to 4096 
on the longest axis of the viewport. 
The range of the shortest axis is de- 
termined by the current aspect 
ratio. 

GDUs provide device-indepen- 
dent device addressing with a 
numeric addressable range of from 
0 to 100 on the shortest axis of the 
viewport. Using GDUs ensures that 
any graphics containing only coor- 
dinates between 0 and 100 will be 
plotted without clipping, no matter 
what the current aspect ratio is. For 
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millimeters, the numeric range is 
the actual axis length in millimet- 
ers. These units give a plot of the 
same physical size, regardless of the 
current viewport size, 

Versatile alphanumerics 

Graphics versatility in the 4663 is 
complemented bv equal versatility 
in alphanumerics. Included are a 
self-contained character generator, 
provision for up to 15 character 
fonts (nine of which are resident in 
the 4663), and a host of commands 
to operate on the alphanumerics, 
One font can be designated as the 
standard font, and another as the 
alternate. The characters can he ro- 
tated , scaled up or down, or slanted, 
independent of the graphics and all 
under program control. 

There are commands to set the 
character size and spacing, if you 
desire other than the default set- 
tings, You can also print centered 
characters for applications such as 
identifying a line on a graph. And 
the pen can be moved specified X 
and Y distances in fractions of the 
current character size, to facilitate 
drawing superscripts and sub- 
scripts. 

It is sometimes desirable to draw 
alphanumerics in a paragraph for- 
mat. A Set Margin Separation 
command activates the right 
margin and allows you to set the 
number of character spaces that 
separates the left and right alpha 
margins. Carriage Return and Line 
Feed functions will be automat- 
ically performed to draw a string of 
alphanumeric characters within the 
margins established. 

The alphanumerics capability is 
enhanced with options that allow 
down-loadable character sets, pro- 
grammable macros, and circular 
interpolation. The latter permits 
drawing circles or arcs with a single 
command. For circles, you need 
only to specify the radius, and the 
circle is drawn around the current 
pen location. Arcs are defined by 
specifying two points on the arc, 
which begins from its current pen 



location. You can choose the 
smoothness of the arc or circle, to 
meet the need for a quick overview 
or a high resolution finished plot. 

Digitizing capabilities 

For some applications it is desirable 
to digitize the plot on the 4663 and 
transmit the data to a host or 
terminal. 

The joystick, the crosshair on the 
pen carriage , and ihe front-panel 
POINT switches, which allow the 
point to be designated as a DRAW, 
MOVE, or LAST point, are used in 
this function. Digitizing in one axis 
only is greatly simplified by using 
the Joystick Axis Disable command* 
This command allows you to dis- 
able either the Xor Y axis, or both. 

Block diagram discussion 

A block diagram of the 4663 cir- 
cuitry is shown in figure 3. The 4663 
employs a functional bus, which is 
referred to as the product bus 
(PBUS). The product bus is a mod- 
ular assembly consisting of a 
microprocessor, memory system, 
power supply, one or more com- 
munications interfaces, and several 



circuit board assemblies which 
interface and control the axis 
motors, pen activations, and media 
advances. 

The circuit modules communi- 
cate through a standardized 80 lead 
interconnecting backplane. This 
functional bus hardware architec- 
ture promotes functional parti- 
tioning, which enhances product 
serviceability. It also allows updat- 
ing the product through advances 
in technology, without disturbing 
those modules which are to remain 
unchanged. 

Bus characteristics include 
non- multiplexed. 16 bit address and 
8 or 16 bit data, asynchronous bus 
transactions of arbitrary length up 
to 3.8 ps (actual transaction time is 
defined by the addressed device's 
speed capability), and a master 
clock frequency of 14.7456 MHz. Up 
to eight prioritized DMA devices 
may be accommodated, with serial 
poll prioritization of either block 
mode or character bus DMA trans- 
actions, Eight hardware vectored 
maskable interrupts and one 
software interrupt are supported by 
the bus. 
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Fig, 2. Extensive firmware lets you draw alphanumerics ir a manner that enhances the 
graphics portion of the plot Characters cart be rotated, scaled up or down, or slanted, independent 
of the graphics. 



5 



A single etched circuit board con- 
tains the MC680G microprocessor, 
product bus interface, bus control- 
ler, RAM, ROM/ PROM memories, 
processor enhancements, and the 
parameter entry interface. 

The bus controller arbitrates 
interrupt requests to the processor 
and DMA activity on the bus (in- 
cluding debug system activity). Bus 
transactions for references to non- 
existent or malfunctioning 
modules/ memory are also moni- 
tored by the bus com roller 

The standard memory system 
includes eight kilobytes of static 
RAM, with about 5.5 kilobytes 
available as a buffer pool which 
may be used for storing input com- 
mands, output data responses, pro- 
grammable macros, nested trans- 
forms, or down-loaded character 
sets. The parameter entry device 
uses 128 bytes of battery-backed -up 
CMOS RAM for parameter storage. 
This can be expanded to 512 bytes 
to accommodate multi-user opera- 
ting environments. 

Up to 34 kilobytes of ROM and 6 
kilobytes of PROM can be accom- 
modated in the standard memory 
system. An additional 2 kilobytes of 
PROM, used for firmware patching, 
can reside in the parameter entry 
module. 

The memory system is designed 
to provide wide latitude in ROM 
versus RAM allocation, {See figure 
4), Mapping the I/O space for regis- 
ters at the top of address space re- 
moves the restrictions of where 
ROM and RAM may extend in ad- 
dress space. The 6800 processor 
hardware vectors are placed down 
two kilobytes in the memory map. 
This isolates the peripheral circuit 
modules from alternative micro- 
processor implementations, and 
allows for flexible partitioning of 
ROMs, PROMs, and RAMs. 

Multiple resident interfaces are 
accommodated on the bus without 
compromising available address 
space. This is done by bank 
switching the Interface Handler 
ROM, so that only the firmware of 
the active interface is mapped onto 
the bus. 




Fig- 3- Functional block diagram of the 4663. An 80 lead backplane provides Interconnection (or 
plug-in modules. 



RAM address space is located at 
the bottom of memory address 
space and builds up From the bot- 
tom. Additional RAM in excess of 
the standard 8 kilobytes can be 
added in 1 kilobyte increments. 
However, it must physically reside 
on other than the processor/ 
memory module. 

The firmware patch 

As the 4663 is applied to new appli- 
cations it is sometimes necessary to 
modify or correct one or more of the 
mask programmed ROMs, This is 
accomplished in the 4663 through 
the use of a firmware patch module. 



The module, which plugs into a 
board slot in the parameter entry 
device, contains a field program- 
mable logic array (FPLA) and a 
fusible-link PROM or EPROM, In- 
terconnects and circuitry required 
to use the firmware patch reside on 
the processor/ memory board. 

The port through which the ROM 
patch communicates w ith the 
system is also used for installing 
diagnostic firmware for trouble- 
shooting. 
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The FPLA may be regarded as a 
partially-populated PROM re- 
sponding to any programmed ad- 
dress within a 16 bit field. The total 
capacity of the FPLA is 48 bytes. 

The device is applied in product 
maintenance by programming the 
address(es)of the ROM byte(s) 
which the firmware engineer iden- 
tifies as requiring modification. 
Once these addresses have been 
identified, the firmware designer 
then defines the overlay bytes. The 
FPLA, once programmed with input 
and output terms, will respond to 
specific programmed addresses on 
the bus by disabling the main sys- 
tem memory and overlaying the 
new data byte. Patching ROM in 
this fashion imparts no extra time 
burden on the processor. 

If the modification requires addi- 
tional firmware bytes, one or two 
patch PROMs may be included on 
the ROM patch. The expansion 
bytes are accessed simply by over- 
laying three bytes in the original, to 
insert a jump instruction which will 
transfer control to the start of that 
particular code enlargement in the 
patch PROM. At the end of the extra 
code section* another jump instruc- 
tion returns the processor to the 
original code. 

4663 interface modules 

One parallel and three serial inter- 
lace conventions are supported by 
the 4663 through standard and op- 
tional interface modules. The 4663 
will accommodate the GPIB 
(parallel) Interface Module and one 
of three serial Interface Modules, 
simultaneously resident on the bus. 
Only one of the interfaces* however, 
may be active at a given time. As 
the interface firmware ROM is resi- 
dent on the particular interface* the 
4663 is easily up-graded by simply 
installing an optional module in 
the bus. 




Fig. 4. Memory map lor the 4663. Mapping WO 
space lor registers at lop of address space re- 
moves restrictions on where ROM and RAM 
may extend In address space. 

Serial interface conventions ac- 
commodated by the 4663 include: 

1, RS 232 A/C at up to 9600 baud* 
full duplex* with selectable 

DC I/DC 3 control and selectable 
hardware receive flagging for 
local host environments. 

2. 20/60 mA Current Loop with ex- 
ternal dock capability. 



3. TEKTRONIX 4010 Series 
Terminal-compatible TTY inter- 
face which accommodates data 
communication rates up to 307 
kilobaud. 

Vector generation 

The time-intensive tasks of vector 
generation and motor control are 
handled by a bipolar microcon- 
troller (Signet ics 8X300) in the 
4663. By relieving the main system 
processor of these tasks* its intelli- 
gence is made available for product 
performance enhancements. 

The microcontroller on the Vector 
Generator appears as a DMA device 
to the PBUS. Communication be- 
tween the main system processor 
and the Vector Generator employs: 

1. a circular queue in RAM which 
contains command/argument 
information, 

2. references Lu ROM-based fixed 
constants, and 

3. references to RAM-based opera- 
ting environment variables. 

Control of \fector Generator ac- 
tivity is exercised through hard- 
ware registers in I/O space. Flag- 
ging of the main system processor 
by the Vector Generator, of task 
status* employs the interrupt struc- 
ture supported by the bus* 
Non-functional bus oriented 
communication by the Vector 
Generator, with the Motor Drive 
Module, transports data repre- 
senting the digital rotor position of 
the three motors driving the X and 
Y axes, pen selection, and pen force. 

The vector generation process 
employs digital integrators im- 
plemented in the microcontroller* 
rather than conventional hardware 
rate multipliers. Digital integrators 
exhibit minimum frequency mod- 
ulation (FM) at low axis drive rates, 
whereas rate multipliers will exhi- 
bit significant FM at these rates. 

Minimizing FM of the axis drive 
rates results in reduced plotter line 
aberrations and measurable im- 
provements in linearity. 
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Parameter Entry Device 
Simplifies Plotter Set-up 
and Servicing 



One of the deterrents to using large, 
versatile plotters or other sophisti- 
cated peripherals is the set-up time 
required, The 4663 features a 
unique solution to this problem. 

The parameter entry device pro- 
vides a convenient means of iden- 
tifying and selecting operating pa- 
rameters without the use of con- 
ventional rear panel switches and 
jumpers, and volumes of user man- 
uals. 

The basic elements of the device 
include: the parameter entry card, 
which serves as a menu of the pa- 
rameters and values available: 
eight LED-lit switches, which indi- 
cate the current selection and pro- 
vide a means of changing the selec- 
tion: the initialization LED, which 
indicates that the card should be 
placed in the ' home' 1 position to 
synchronize the system; three buf- 
fer registers, which provide tempo- 
rary storage of the LED, switch, and 
interrupt status; and a small por- 
tion of battery -backed-up CMOS 
RAM (located on the processor 
board), which provides long-term 
parameter storage. 

The parameter entry device is not 
product bus (PBUS) compatible as a 
stand-alone module, but communi- 
cates with the PBUS through an 
interface located on the processor 
board. 

How it works 

When the 4663 is turned on, the pa- 
rameter entry card is placed in the 
"home"' position (fully inserted) to 
initialize the system. The set-up 
that was in use when the plotter 
was turned off is stored in CMOS 
RAM (Parameter RAM). 




Fig, 1. Parameter entry device simplifies plotter set up and servicing. 



Parameter RAM serves as a con- 
densed copy of all hardware and 
RAM based configuration registers. 
The hardware configuration regis- 
ters are output ports for baud rate 
selection, interface enabling, etc. 
The RAM based configuration regis- 
ters serve as common system 
variables which are referenced by 
the operating system. 

The user may determine how the 
plotter is set up by withdrawing the 
parameter entry card one line at a 
time, noting the switch illumina- 
tion, The movement and position of 
the card is sensed by three photo- 
transistors. A quadrature detector 
(Motion Detector) detects the direc- 
tion of card movement by compar- 
ing the order in which serrations 
along one edge of the card, cover, or 
uncover, two of the photo-lran- 
sistors. The third photo-transistor 
senses when the card is moved to 
the home position. 



Each time the card is moved in or 
out, an interrupt is generated that 
signals the processor to up-date a 
position register in main system 
RAM. The position register content 
is used as a pointer to address the 
Parameter RAM. With each card 
movement interrupt, the main sys- 
tem processor uses the position 
register to fetch current line status 
and store the information in the Pa- 
rameter LED register, thereby il- 
luminating the appropriate switch. 

When one of the eight switches is 
pressed to change a parameter 
selection, an interrupt is generated 
that calls for the processor to read 
the switch register and up-date 
CMOS RAM and the Configuration 
and LED registers Through this 
user-initiated action the operating 
characteristics of the 4663 are 
changed to the new selection. At the 
same time, the selection is recorded 
so that the 4663 will power up in 
the new configuration. 
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A servicing tool 

The parameter entry device is also 
an important tool for servicing the 
4663, Two positions on the param- 
eter ent ry c ard a re ded ica ted to t h is 
function. The EXECUTE SELF 
TEST position allows you to 
quickly check that all front-panel 
lights are working, and then to ini- 
tiate a program to draw a test plot. 
The plot, properly executed, assures 
the mechanical portions of the plot- 
ter are working properly. 



In the ERROR DATA position, the 
LED- lit switches serve as an error 
readout display. When the ERROR 
CODE switch is pressed, a code pat- 
tern indicating the type of error will 
be displayed. This may indicate sys- 
tem or operating errors such as in- 
sufficient RAM , a ROM check error, 
framing error, etc. 

An optional diagnostics package 
consisting of a diagnostics card, a 
diagnostics printed circuit board 
module, and a manual, offers more 
extensive troubleshooting capabil- 
ity. The diagnostics card replaces 



Fig. 2. Simpfitied block diagram ol parameter 
entry device. 



the parameter entry card and di- 
rects the test technician through a 
logical series of tests of the plotter 
hardware. 

The printed circuit board module 
contains sockets for three 16 kilo- 
byte EPROMs, a RESTART switch 
to reset the whole system, and a 
multi-position rotary switch to 
select tests. Several test pins on the 
module provide convenient connec- 
tion of a test oscilloscope. 

The tests are run sequentially and 
are structured in ascending orders 
of complexity relying on hardware 
proven operational in previous 
tests. 

Basic processor operation is ver- 
ified, followed by tests of the Pa- 
rameter Entry Device LED display 
and switch operation. Verification 
of Parameter LED and switch regis- 
ters is essential as they will be used 
to display test results and enter test 
directives. Tests of the main system 
RAM, the interrupt functions, Pa- 
rameter Gat'd Position Encoder, 
CMOS RAM, and ROM checksum 
follow. Front panel controls are 
then checked. Both GPIB and Serial 
interfaces are checked, and then a 
series of tests are run on the vector 
generator functions. The motor and 
pen drives are exercised, and a 
calibration test is performed, A sys- 
tem lest draws a plot which exer- 
cises both pens. The final test is a 
media advance test, if that option is 
installed in the 4663 . 

The parameter entry device LEDs 
indicate when a particular test is 
successfully completed or, in case of 
a failure, which type of failure oc- 
curred. 
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integral with vector generation is 
the process of velocity profiling. If 
the plotter is to draw lines with a 
minimum of aberrations (wiggles, 
overshooting, etc.}, the acceleration 
and deceleration of the axis must be 
tightly controlled. 

In the 4663. velocity profiling is 
implemented by controlling the 
axis velocity as a function of posi- 
tion. The vector generator refer- 
ences a table stored in ROM, which 
contains the information of desired 
velocity versus position. The table 
has been optimized for the charac- 
teristics of the 4663 mechanism and 
drive system, resulting in 600 ips 2 
rate of acceleration without ad- 
versely impacting the plot quality. 

The seldom-specified "rate of ac- 
celeration" is a true indicator of a 
plotter's throughput capability. It is 
generally more significant than the 
plotter's maximum plotting speed, 
when one considers that often the 
bulk of an "average" plot is com- 
posed of short vectors (0.5 in). 

Flexibility of the plotter, in its ac- 
commodation of a variety of pen 
types and enhanced line quality 
modes, is provided by allowing the 
user to specify one of four accelera- 
tion rates. The acceleration rates of 
240, 300 h 400, and 600 ips 2 are 
selectable on the parameter entry 
card and may be changed while the 
4663 is platting. 



Pen speed is also controllable by 
the user and may be assigned inde- 
pendently to the two pen stations. 
Pen speed limits of 6 to 16 ips vector 
velocity, tn 2 ips increments, or 16.5 
ips axial velocity (23 ips vector ve- 
locity at 45°), may be selected and 
assigned to the pen stations while 
the 4663 is plotting. To maximize 
throughput, only "draw" axis mo- 
tions are affected by the pen speed 
limits; moves are executed at 
maximum (16.5 ips) axial speed. 

Axis drive motor and pen control 

The 4663 employs conventional 1 .8° 
stepping motors to propel the axes. 
Three motors are used — one for the 
Y axis and two for the X axis. Two 
motors were used on the X axis to 
minimize the drive cable lengths, 
which is of prime importance if 
high rates of a federation are to be 
supported. 

By having independent motors, 
each driving their respective end of 
the Y axis assembly, torque re- 
quirements per motor were re- 
duced. This allowed the use of iden- 
tical dev ices for both X and Y axes, 
which promotes a better dynamic 
mechanism/motor match, and re- 
sults in improved [inequality fora 
given rate of acceleration. 

Orthogonality of the Y axis arm 
with respect to the drawing surface 
is assured, irrespective of minor 
cable tension variations, due to the 
initialization sequence that the 
4663 observes. During the power up 
sequence, the plotter establishes a 
mechanical reference for each axis. 



The X axis, however, has two refer- 
ence sensors (one at each end of the 
Y axis arm) which are used to align 
the arm as well as establish the ref- 
erence point. During the power up 
sequence the X axis motors are 
driven independently. Once the ref- 
erences are detected, the X motors 
are controlled in a fashion to align 
the Y axis arm, and are thereafter 
electrically phase locked to each 
other. 

A micro-stepping technique is 
employed to control the motors. 
Conventional drive techniques, and 
their attendant drawbacks of reso- 
nance and relatively coarse resolu- 
tion, are circumvented by the 
micro-step drive. Originally em- 
ployed in the TEKTRONIX 4662 
"B" size plotter, the micro-stepping 
drive has been refined for the 4663. 
Drive resolution is 6400 steps per 
motor revolution at a maximum of 
42 oz.-in. of torque provided by the 
motor/drive combination. Con- 
ventional drives of full-step or half- 
step bipolar configurations would 
yield slightly more torque. How- 
ever, they are limited to a maxi- 
mum of 400 steps per revolu- 
tion which would translate to 
0.004 injstep in the 4663. Micro- 
stepping, which involves energizing 
the motors with quadrature sine 
and cosine currents, nets a linear 
translation of 250 millionths of an 
inch in the 4663. 



Fig. 5. Simplified block diagram of the firmware 
patch, When the FPL A receives an error ad- 
dress. ii disables system memory and places 
corrected in si ructions from the patch PROM, on 
the data bus. 




10 






Fig. 6. Finite element analysis was used in de* 
signing V axis arm. Box structure at top of arm 
provides rigidity with light weight. 

Six transconduetance-mode, 
high -efficiency, PWM (pulse width 
modulated) drive amplifiers power 
the three axes motors. References 
fur the amplifiers are derived 
through a time-division-multi- 
plexed D/A converter. The D/A con- 
verter operates at a 2.16 jus con ver- 
sion cycle, with a total of seven con- 
versions to be performed, Con- 
verted are the sine and cosine data 
for the three drive motors, and the 
pen force, Data from the vector 
generator, representing the digital 
motor position for the drive motors* 
is routed through a 256 x 8 ROM 
look-up table which provides sine 
and cosine $ data for each motor. 
The pen force data byte does not get 
translated bv the ROM and is, in- 
stead, applied directly to the D/A + 
An analog de-multiplexer extracts 
the reference potentials and buffers 
them for use by the motor and pen 
amplifiers. Pen force data and pen 
selection are contained in an 8 bit 
data byte, A 7 bit field represents 
the pen force; the remaining hit 
selects which pen is active. 




The pen drive circuit is config- 
ured as a bipolar, linear, transcon- 
ductance amplifier. Commutating 
diodes mounted in the pen carriage 
steer the current to the selected pen, 
minimizing the number of electri- 
cal conductors needed. The pen 
force, either default for a specific 
pen type or user definable, is as- 
signed by the main system pro- 
cessor when the pen station is 
characterized by the user through 
the parameter entry device. 
Whenever the pen station is acti- 
vated, either under program control 
or from the front panel, the specific 
pen force is invoked. This allows the 
user to intermix fiber tip, wet ink, 
liquid ball, or special pens, and yet 
maintain optimum force charac- 
teristics for each type* Furthermore, 
each pen station has a vernier pen 
force control on the front panel 
which allows for fine adjustment 
while the 4663 is plotting. The 
range of adjustment is ±25% of the 
preselected pen force. 

Front panel and joystick 

Front Panel switches are polled by 
an on-board serial memory. De- 
bouncing in both activation and 
deactivation is provided by votive 
logic* Once a valid state change has 



been decoded, the main system pro- 
cessor is interrupted by the Front 
Panel Controller which resides on 
the Vector Generator. The benefit to 
the user is a functional, live, front 
panel through which plotter func- 
tions may be manipulated. For 
example, the plotter may be placed 
in the "Pause" mode, which allows 
the user to annotate a plot and then 
resume platting without data loss* 
Communication of the system pro- 
cessor with the front panel displays 
is through a serial data port, which 
minimizes electrical cabling 
requirements* 

A two channel voltage-to- 
frequency converter interfaces user 
manipulation of the joystick with 
the vector generator. 

The circuits sensitivity was made 
non-linear to maximize the human 
factors of cursor positioning* The 
joystick axis may be independently 
activated under program control to 
assist in digitizing graphic data 
which has A in one coordinate fixed* 
With suitable support software, the 
tedium ofdigitizing may be mini- 
mized by having the host increment 
one axis, following a graphic input 
command, and requiring the user to 
locate only the remaining axis be- 
fore inputting the next point. 
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Mechanical design 

There are many factors to be con- 
sidered in the mechanical design of 
a plotter -^plotting speed, line 
quality, accuracy, reliability and 
quietness, to name just a few. 

Plotting speed is determined to a 
large extent by the ability to move 
the Y axis arm and the pen carriage 
rapidly The Y axis arm is the 
greatest mass to be moved and 
must be kept as light as possible, 
yet be rigid enough to resist bend- 
ing and twisting during rapid starts 
and stops. If the natural vibration 
frequency of the Y axis arm is too 
low, vibrations which occur during 
operation of the plotter will ad- 
versely affect line quality, 

The TEKTRONIX 4081 Interac- 
tive Graphics System was used in 
performing a finite clement analysis 
of the pen rail design. The effects of 
doubling the side thicknesses, top 
thicknesses, both side and top 
thicknesses, or adding a box struc- 
ture to the top of the arm, were 
explored. Different types of mate- 
rial were also evaluated. 

The final design is that pictured 
in figure 6. The arm is an aluminum 
extrusion 22.77 inches in length, 
with a wall thickness of 0.062 inch. 
The Lop of the rail is an enclosed 
box. 

Two separate cable, pulley and 
stepping motor systems drive the Y 
axis arm, one at each end. This, in 
effect, cuts both the load and the 
length of the X axis cable in half, 
thus increasing the stiffness of the 
drive system significantly This re- 
quires careful matching of the 
motor capstans to ensure proper 
tracking of both ends of the 
Y axis arm. 

Alignment of the Y axis arm is 
done automatically by a routine 
employing photo-optic sensors each 
time the plotter is powered up. Al- 
though there is no mechanical con- 
nection between the two motors, 
external forces rarely cause a mis- 
alignment since the dc current 
levels in the motors produce a very 
high holding current. 



The pen carriage drive uses only 
one stepping motor and a cable/ 
pulley system to move the carriage 
along the Y axis. 

The pen carriage includes two 
pen holder components with their 
respective solenoids, a small 
printed circuit board containing 
two diodes to direct the solenoid 
currents, and a crosshair useTuI for 
digitizing and locating purposes. 
The entire assembly, without pens, 
weighs about two ounces. 

The solenoids are driven with 
sc l ec ted cur re n t le V cist u p ro d u e e a 
writing force on the pens which is 
variable from 5 to 40 g. Since the 
s e I e c ted pe n f o r c c s h on Id b e c o n - 
stant over a range of solenoid dis- 
placement, the return spring sys- 
tem was designed to compensate for 
irregularities in the solenoid force. 

The moving mass of pen and pen 
holder is about 15 g. To write con- 
sistently with a pen force as low as 
Sgrarns required "fine tuning" the 
solenoid, return spring, and bearing 
friction design parameters. 

The frame of the plotter consists 
mainly of aluminum extrusions, re- 
sulting in a lightweight, rugged, yet 
inexpensive structure. Front and 
rear panels are also aluminum ex- 
trusions. Structural foam, which 
combines good appearance with 
rigidity light weight, and low sound 
transmission, is used for the side 
panels. 

Other steps taken to ensure oper- 
ating q u iet ness incl t ide isola ting 
the X and Y axis drive motors and 
the bottom pan, from the plotter 
mainframe. 

Serviceability is always a concern 
in mechanical design. In the 4663, 
the plotting surface is hinged at the 
rear. Lift ing the front of the plotting 
surface gives easy access to the elec- 
tronic circuitry. A support rod keeps 
the plotter open, freeing both hands 
fur servicing. Printed circuit boards 
and the entire power supply unit 
can be easily removed and replaced. 



Summary 

The 4663 Interactive Digital Plotter 
combines the versatility of a large 
plotter with the convenience and 
operating ease of a small plotter. 
Programming ease enhanced by ex- 
tensive firmware minimizes set-up 
time and makes the 4663 ideal for 
ihe multi-user environment. 
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Fig 1. The new 465B, Front-panel layout is al- 
most identical to the 465, New features include 
a wider choice of displays and zero-delay exter 
nal trigger view. 



Standards change very slowly, 
sometimes never. And that is as it 
should be, for standards form our 
basis for comparison* Soon after its 
introduction, the TEKTRONIX 465 
became the recognized industry- 
standard for portable oscilloscopes. 
In the mark ol a good standard, it 
has changed little since its intro- 
duction* 

Now, the new 465B updates the 
industry-standard with new display 
capability faster sweeps, and even 
better reliability. 

Front- panel layout is essentially 
the same as the 465 so operator re- 
training is unnecessary* The major 
change that will be noted is the re- 
styled pushbuttons. They are 
smaller, giving the front panel a 
more open appearance and pro- 
viding easier function selection. 

Display improvements 

The vertical mode selection push- 
buttons are changed from the self- 
cancelling type to the push-push 
type allowing you to display any 
combination of vertical signals and 
external trigger you desire* For 
example, you can look at either or 
both vertical channels, their sum or 
difference, and the external trigger, 
simultaneously* 



The trigger view lunction is de- 
signed to provide zero-delay be- 
tween the vertical channels and the 
trigger view, enabling you to make 
accurate time comparisons between 
the signal and the trigger, even at 
the faster sweep speeds. The quality 
□1 the external trigger view channel 
makes it useful as a third input 
channel with a sensitivity of about 
100 mV per division* 

Improved vertical preamplifier 
performance permits replacing gain 
switching with up-front attenua- 
tion, and yields a finer trace width 
at ihe maximum sensitivities* 
Horizontal versatility is ex- 
panded to complement the vertical 
improvements. Top sweep speed is 
increased to 2 ns per division for 
greater resolution in examining fast 
rise time signals. And alternate 
sweep switching lets you look at 
bolh A and B delayed sweeps simul- 
taneously, at full screen width, A 
separate intensity control for B 
sweep lets you set the contrast be- 
tween A and B sweeps, with vertical 
separation between sweeps pro- 
vided by the trace separation 
control. 
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Fig. 2. Internal views of vertical (top) and horizontal (bottom) circuitry show reduced component count through the use of integrated circuits. 
Layout symmetry makes 4650 easier to build and maintain. 



Servicing Improvements 

A glance inside the 465 B cabinet re- 
veals even mure extensive change. 
An all-new vertical amplifier re- 
places discrete components with in- 
tegrated circuits. Operational 
amplifiers replace vertical 
M tweaks," And new switch as- 
semblies provide easy access and 
high reliability. Soldered-in leads 
now have connectors, and jumpers 
are placed at strategic points to 
facilitate troubleshooting. Transis- 
tors and integrated circuits are 
mounted in sockets for the same 
reason. Front panel indicators use 
LEDs instead of incandescent bulbs 
for longer operating life. 



While the improvements in per- 
formance and serviceability were 
being considered, the buildability 
of the 465 B was receiving equal at- 
tention. Printed circuit board lay- 
outs allow maximum use of auto- 
matic component insertion; the 
newly-designed switches arc easier 
to build; and the reduced number of 
adjustments minimizes calibration 
time. 

The end result is a new standard 
for portable oscilloscopes which 
offers new display capabilities, im- 
proved serviceability still greater 
reliability, and all at no increase in 
catalog price. 
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New Products 



New 18 Bit Word Recognizer 




The A6701 Word Recognizer 

A new 18 bit word recognizer, the 
A670i p provides cost-effective, 
easy-to-use digital triggering for 
portable and laboratory oscillo- 
scopes and other logic display 
products* 

The A6701 consists of a control 
pod, separate power supply capable 
of powering two control pods, and a 
set of accessories. Up to four word 
recognizer pods can be linked to- 
gether to provide 72 bit capability. 

The unit can be operated in either 
synchronous or asynchronous mode 
with a choice of level or qualified 
clock output in synchronous 
operation. 

Preset TTLor variable threshold 
voltage selection, and variable- 
width glitch filter add further ver- 
satility The clock rate is 50 MHz at 
18 bits. 

Connection to the trigger inputs 
is via two 10- wide lead sets. An op- 
tional adapter accommodates the 
P6451 logic analyzer probe. 



Two New Digital Multimeters for TM 500 




The DM 502A and DM 505 
Digital Multimeters 

Two new 3^ -digit multimeters, the 
DM 502A and DM 505, bring new 
measurement capability and oper- 
ating ease to the TM 500 digital 
multimeter family. Seven meas- 
urement functions make the 
DM 502A the most complete 3 Vi- 
digit DMM available. The DM 505 is 
a five-function DMM (dc and ac 
volts, dc and ac current, and high/ 
low resistance), ideal for applica- 
tions where low cost is paramount. 
In addition to the basic DMM 
functions (dc and ac volts, dc and ac 
current, and high/low resistance), 
the DM 502A offers dBV and dBm 
measurements, temperature mea- 
surement, true rms readings, and 
autoranging for volts, ohms, and dB 
measurements. 



The DM 502A r s unique combina- 
tion of autoranging and dB mea- 
surements makes it an excellent 
choice for communications 
applications. 

Probe temperature measurement, 
pioneered by Tektronix, has been 
enhanced in the DM 502 A. Temper- 
ature measurement range at the 
probe tip is -55°C to +200°C, and 
the entire P6601 probe tip and cable 
are specified for immersion to 
140 P C, 

Pushbutton selection of all func- 
tions and ranges, plus easy-to-read 
0.5 inch LED display digits, make 
the DM 502A and DM 505 fast and 
easy to use, A choice of Iront panel 
or rear connector inputs is pushbut- 
ton selectable. 
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8001/0002 A Microprocessor Labs Add Support for Low Cost 15 MHz Scopes 

F8, 3870 f 3872, and 1802. Excellent Value 




The F0, 3870, 3872 Emulator 
Processor and Prototype Control 
Probes. 

Two new emulator processors ex- 
tend the TEKTRONIX 8001/8002A 
Microprocessor Development Labs 
(MDL) capabilities to include (he 
1802 microprocessor, the F8 micro- 
processor, and the 3870 and 3872 
microcomputers. This expanded 
capability is in addition to the pres- 
ent support for the 808OA, 8085A, 
6800, T MS 9900, and Z80A. 



TEKTRONIX MDLs offer the 
3870 designer greater design- 
environment support than previ- 
ously available for these chips. The 
8 002 As assembler/linker features 
provide efficient program coding to 
make use of the limited amount of 
memory contained in these chips. 

The 1802 and F8/3870/3872 
emulators are similar to other cur- 
rently available TEKTRONIX 
emulators — for each, a complete 
software debugging system, in- 
prototype emulation, and real time 
prototype analysis are available. 




The Telequipment D1016 
Oscilloscope 

Two new 15 MHz dual trace models 
have been added to Tektronix' Tel- 
equipment line. The new Teh 
equipment D 101 5 and D 101 6 Oscil- 
loscopes feature dual trace opera- 
tion; automatic, normal, and TV 
triggering; volts/division ranges 
from 5 mV to 20 V; and sweep 
s p ee ds fro m 0 . 2 mi crosecu n ds t o 
200 milliseconds/division. A X5 
magnifier increases maximum 
sweep speed to 40 ns/di vision. 

In addition, the D1016 is equipped 
with these features: 

* X5 magnifiers for each vertical 
channel to extend sensitivity to 
1 mV/division, Bandwidth is re- 
duced to 4 MHz at this particular 
setting , 

* Separate pushbuttons to invert 
channel 2, and to add channels 1 
and 2, permitting balanced differ- 
ential input measurement. 

• Direct X-Y displays using channel 
1 and channel 2, 

• Variable uncalibrated sweep con- 
trol permitting continuously vari- 
able sweep rates. 



Telequipment products are sold and 
serviced in the U.S. by selected 
stocking distributors. For addi- 
tional information please use the 
reply card accompanying Telescope. 
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Merging High Performance 
Alpha numerics and Graphics with 
Fast Computation 

The state of desktop computing i$ advanced to a 
new level by two new graphic computers using a 
b<l -sliced architecture processor 



Dynamic Graphics Gives Best of Both 
Stored and Refreshed Display 
Techniques 

The Dynamic Graphics option for the 4054 adds 
a high-speed processor and dynamic memory 
dedicated to th© creation and display of refresh 
objects. 



A New Cost-Effective Highly Portable 
Data Comm Tester 

The 833 can monitor or apply lest signals to and 
from data communication equipment and data 
terminal equipment, ft can also perform BEFIT 
and BLERT testing And all this performance is 
contained in a package weighing less than 12 
pounds. 



A New DMM Family for the TM 500 
Series 

Three new DMMs bring true rms ac meas- 
urements. autoranging for dB and other meas- 
urements. and the widest temperature meas- 
urement range available m a DMM today, to the 
TM 500 user. 



Simultaneous X-Y, Y-T Displays Using a 
5100-Series Oscilloscope 

The relationship between physical forces is 
often most easily analyzed when the forces are 
plotted against each other as in an X-V display 
An amplitude versus time display often adds 
valuable information. Both can be displayed 
simultaneously on a 5100-Series single beam 
oscilloscope, 
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Merging High 
Performance 
Alphanumerics and 
Graphics with Fast 
Computation 




Dave Barnard totnea Tektronix in November of 
1976 bringing with Nm art extensive 
background in computer and peripheral de- 
sign He has been involved in new product In- 
troduction and training programs fix the 4052 
4054 and 4Q50 Series ROM Packs. He re- 
ceived a BS.EE from the University of Min- 
nesota if i f965 and an M.B A from Ciammont 
Graduate School in 1976 He Is currently a 4050 
Serna Product Specialist A member of /.EE £ 
and Toastmasters International , he devotes his 
spare time working with a Boy Scout Troop and 
to amateur radio satellite communications. 



A high rate of market acceptance and 
need fur productivity improvements in 
the office, laboratory, and in the educa- 
tional environment for t eae h i ng a n d re- 
search, point to one thing: desktop 
computers are growing in importance 
and application* 

When Tektronix announced the 4051 
in 1975, exciting new levels of comput- 
ing power were available, either in 
small packages called desktop cal- 
culators or in the form of microcomput- 
ers whose language and operation re- 
quired more extensive computer 
knowledge than was desirable for a 
user who wanted merely to get his 
analysts done. 

The 4051* with graphically enhanced 
BASIC, brought problem solving to the 
desktop in the office or laboratory, with 
easy operation and graphics to make- 
file results of analysis very visible. 

The new 4052 and 4054 provide 
multi-dimensional enhancements to the 
features found in the 4051 . These new 
members of the family enhance 
graphics, alphanumerics, and comput- 
ing capabilities, by advancing the stale 
of desktop computing to a new level. 



Compatibility provides upward mobility 

The primary goal in developing the new 
products was to enlarge the 4050 Series 
making it a family permitting both 
existing and new customers a greater 
choice of capability Thus, the 4052 and 
4054 were designed with compatibility 
as a major requirement. All three mem- 
bers of the family arc completely 
software, data tape-, and disc- 
compatible. A customer having a 4051 
can move up to a 4052 or 4054 w ithout 
having to con vert programs or data to a 
new format. Similarly* TEKTRONIX 
Plot 50 Software products and Appl iea- 
tion programs will operate on any of the 
4050 Series desktop computers* 

Performance enhancements 

Compared with the 4051, the 4052 and 
4054 provide: 

* An order of magnitude faster (10X av- 
erage) computation, 

* Larger memory (32k bytes standard) 
expandable to 64k bytes (56k bytes 
usable). 

* Speed enhancements to graphing 
using MOVE, DRAW extensions to 
4050 BASIC. 




Fig, T The 4052 desktop graphic computer provides a new dimension <n speed, memoiy capacity 
and simple utility 
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Fig. 2 . Block diagram ol th© 6800 type microprocessor used in the 40£ t desktop graphic computer 



* Faster transfer of data via the option 1 
(RS232) and GPIB (IEEE-488 Std. 

1975) standard bus. 

In addition, the 4054 provides still 
greater capability* 

* Large screen — 19 ' display with 13 
million addressable points (16 times 
the 4051 or 4052 display). 

* Improved alphanumeric^ — four 
character sizes and stroke generated 
characters, 

* Faster, con slant rate , v ec t or ge ner a I o r + 

* Ability to include Dynamic Graphics 
— nun-stored displays of objects and 
alpha numerics. 

A new multi-chip bit-sliced 
architecture processor 

Achieving the design goals of compati- 
bility with 4051 programs and data 
s t ru c t u res w h i le e nha nc i n g pe r for m - 
ance was a challenge met by engineer- 
ing an all new processor 



The most important choice in the new 
design was the choice ol technology' for 
the heart of the processor The choice — 
a bit-sliced architecture of bipolar 
Shot t kv devices — offers several 
advantages: 

• Modularity, a I lowing construe lion of 
processor word lengths in multiples of 
4 bits (e.g, f 4, 8, 12 f 16 bits). This tech- 
nique provides improvements in 

s pee d a n d acc u rac y, 

• High density of functions without 
speed/ per form ance sacrifices, leading 
to a simpler and faster design than 
would otherwise have been possible. 
Simplified design also enhances 
reliability. 

• Microprogrammed design instruction 
set flexibility that allowed Tektronix 
to custom tailor the processor and its 
repertoire of act ions (instructions) to 
suit problem solving with 4050 BASIC 
and graphics, In other words, the 



flexibility permitted an efficient pro- 
cessor (does things fast and well) to be 
made effective (does only the things 
needed and desired) from a user s 
point of view. 

A tailored Instruction set 

To facilitate compatibility, the new pro- 
cessor s instructions are a hybrid of 16- 
bit minicomputer and "typical" one- 
chip microprocessor types. 

The 8-bit -wide data path of the 405 1 
processor is a natural consequence of 
implementing a very compact and func- 
tional design. The new 4052 and 4054 
had to appear to be equally comfortable 
with either 8-bit byte (character) opera- 
tions or with 16-bit (two characters 
worth) operations. The character orien- 
tation of memory is apparent to a 4050 
Series user when working with al- 
phanumeric strings or when saving or 
reviewing program or data files. 
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Fig. 3. Slmplifed block diagram of the 4052 graphic computer system. 



Compatible operations are provided 
by a new memory design for the 4052 
and 4054. Memory is split into even and 
odd address sections with each on its 
own data bus. This may seem to be an 
insignificant detail. However, from the 
point of view of someone writ ing or 
running a program, splitting the mem- 
ory into even and odd halves allows it to 
look like 4051 memory The MEM and 
SPA commands return quantities of 
bytes just as with the 4051, Data is 
READ, INPUT, PRINTed; programs are 
OLDed, APPENDed, and SAVEd in 8-hk 
bytes compatible with 4051 operations. 
But the result of the split memory and 
faster odd/even busses is to present lo 
the processor the ability to gather twice 
the number of bils simultaneously The 
memory and bus organization are de- 
signed to match the 16-bit processor. 
Thus, compatible operation is provided 
without compromising performance 
enhancement. 

Added instructions were developed 
for highly accurate Floating point 
arithmetic operations. These new in- 
structions (coupled with the memory 
design and faster processor) make com- 
plex calculations, such as sine, cosine, 



and tangent, thirty to forty limes faster 
than with the 4051. The microprocessor 
of the 4051 has no floating point instruc- 
tions to help with such complex calcu- 
lations. 

The results of the new processor and 
the technology choice are faster pro- 
ve Ming as calculations g ro w more b u r- 
dening, simplicity for reliability, and 
complete compatibility to enable use 
with existing user and Tektronix writ- 
ten software. 

Graphing improvements 

Improvements in graphing also are 
realized. Graphic enhancements to 
BASIC — the MOVE, DRAW, RMOVE, 
RDRAW and AXES commands — allow 
graphics in the user's units, not ma- 
chine or raster units. The arithmetic of 
converting user-familiar units to screen 
units is done by the processor with its 
own floating point arithmetic com- 
m a nd s , T h i s ma ke s g r a ph ic s , u s i n g t he 
4050 BASIC commands, five to six times 
Faster on I he 4052 , even though the 4052 
uses the same display module as the 
4051, 



4054 provides enhanced graphics and 
aJphanumerlcs 

The 4054 has greater graphics capabil- 
ity than any other desktop computer. Its 
larger screen, with 4096 x 4096 ad- 
dressable points, allows displaying 
many sets of curves, objects, maps, or 
business data in great detail. 

However, more than just screen size 
and addressable points have been in- 
creased, The display electronics sup- 
ports the larger viewing area by pro- 
viding a faster writing rale at a constant 
15.000 centimeters per second. 

Unlike the display portions of the 
4052 and 4051, which use a constant 
time (4-6 ms) per vector, the new 4054 
display draws at a last, bui constant, 
rate. The maximum length vector, a 
diagonal 48.2 centimeters long, is 
drawn in under 4 milliseconds. This is 
faster than the 4052 and 4051 with 
either their longest or shortest vector. 

Without a faster writing rale, the 
large screen display would have become 
a system bottleneck while drawing 
complex schematics, maps, or me- 
chanical or structural designs. In the 
4054, high density graphics is provided 
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Fig. 4. The bit-sized architecture of the pro- 
cessor used in the 4052 and 4054 provides im- 
provements in speed and accuracy 



with the support it needs to make it 
truly useful. 

An optional feature, Dynamic 
Graphics, adds refresh capability to the 
4054 for even greater flexibility and in- 
teractivity. This option is discussed in 
detail elsewhere in this issue. 

Enhanced alphanumerics 

The enhancement of alphanumeric dis- 
plays is equally significant in the 4054. 
Ail characters are stroke generated for 
crisper hard copies. The 4051 and 4052 
offer one character size — the 4054 has 
four. La be ling graphs or large amounts 
of columnar data is improved, with 
larger character sizes for labels. The 
smallest character size on the 4054 is 
approximately the same as the size of 
4052 or 4051 characters. With this 
character size an entire 64 lines of 132 
column print -out can be placed on the 
screen. When using the 4054 as a termi- 
nal (with Option 1) it provides a split 
screen view of 128 lines of program 
listing. 



W he n d i f fe re n t se ts of d a t a a re co m - 
binedon a single graph, as in graphs of 
actual versus forecasted sales, the 
hardware dash- 1 lot vectors (36 of them 
visibly unique) allow distinguishing one 
set of da la from another. Mechanical 
en g i nee r i ng appl ica t i on s ca n u sc t he 
dashes for hidden lines and different 
character sizes for title blocks. 

The 4054 can help automate the 
drawing process. Like all other 4050 
Series graphics systems, it allows easy 
mixing of alpha numerics and graphics 
in the same natural way that hand 
drawing presents information. 

The 4052 and 4051 have a cursor 
(blinking arrow) which can be moved 
around the screen to select from a menu 
or pick a data point on a curve. Moving 
the cursor requires an optional joystick 
(or defining the User Definable Keys as 
"direction keys"). The 4054 has built-in 
thumbwheels fur cursor positioning. 
The cursor isa full-screen crosshair cur- 
sor more useful in some mechanical and 



other engineering design applications 
because it is easier to line up objects 
along rectangular grid lines. 

Summary 

The new features and enhancements 
added lo the 4050 Series by the 4052 
and 4054 are intended to serve a simple 
hut useful purpose — to provide Tek- 
tronix customers a wider performance 
choice of easy-to-use desktop graphic 
computers which will enrich their pro- 
ductivity by providing timely, easy- lo- 
pe roeivc solutions. 



6 



Dynamic Graphics Gives 
Best of Both Stored and 
Refreshed Display 
Techniques 




Miki Tokota joined Tektronix to April of 1978 and 
has been heavily Involved in U S, and Interna- 
tional new product introduction programs and 
framing tor the 4052 and 4054 Graphic Com- 
puting Systems He has a 6. SEE, and 8.S. In 
Psychology both received from the University 
of Washington m 1 9/3 After three years as a 
scientific programmer ianafyst, A© returned to 
the University of Washington and received his 
M. B A . in 7 978. He Is currently the 4050 Series 
Product Line Manager Mtkt built his own house 
last summer and devotes his spare time to 
reading, guitar playing and family activities 



The bistable direct view storage 
cathode ray tube (0 VST) permits the 
storing and display of complex mixed 
graphics and alphanumeric images at 
low cost, By storing high density 
graphics and alpha numerics on its spe- 
cially processed screen, the DVST cir- 
cumvents the need for and cost of the 
memory system required for refreshed 
displays. 

Without the need for large amounts of 
memory, meaningful displays of infor- 
mation, interactive complex designs of 
objects in mechanical design, and 
building layouts are all possible a l 
lower cost. The stored display tech- 
nique is used on the 4051 , 4052, and 
4054 Graphic Desktop Computers. 

Standard on all three product dis- 
plays is a single character of non-stored 
display. The page full blinking <r F” indi- 
cator, the cursor, and the blinking"?"' 
that appear in response to a 4050 BASIC 
program request for keyboard input arc 
all non-stored, single-object displays. 
These single objects are provided to 
prompt the programmer or user of the 
products, via the screen, without clut- 
tering the screen. The Dynamic 
Graphics option for the 4054 makes 
these and many other non-storable ob- 
jects programmable. In fact it docs 
much more. 

Dynamic Graphics expands 4054 
flexibility and interactivity 

The Dynamic Graphics option (4054 
Option 30) adds new BASIC commands, 
and object storage memory to hold ob- 
jects created with its new 4050 BASIC 
com mands. 

Objects, user- defined collections of 
vectors and/or alphanumerics can be 
created, displayed, and moved to any 
position on the screen without being 
stored* unless or until storage is desired. 
It's almost like having a superimposed 
second screen* Use the storage mode as 
a usual screen display, Use Dynamic 
Graphics for creating and moving 
objects without affecting the stored 
display, 

When developing a schematic office 
layout, architectural, or other drawing, 
the portions that are completed can be 
stored on the 19' r diagonal screen. By 
using the Dynamic Graphics option, 
sy m be ) I s a n d 1 i nes c a n be d r a wn in- 
teractively, without storage, superi m- 
posed on the same screen. Objects can 



be selected from a menu (also displayed 
non-stored), moved around, tried in 
various positions, and then fixed 
(s to re d) w he n i t 's des i r abl e to a dd t h e m 
to the completed port ion, of the display. 

Objects may also consist of al- 
phanumeric lines to allow placing op- 
erating instructions on the screen with- 
out cluttering the display When an 
operator prompt message is no longer 
needed, it is deleted from the screen 
without having to erase and redraw the 
entire display 

An interactive example 

Let's examine an office layout applica- 
tion closely and see how the 4054 with 
Dynamic Graphics provides an efficient 
solution to the design problem. To 
begin, a menu in refresh is displayed in 
the upper left corner of the screen, ex- 
plaining the functions of the User De- 
finable keys. 

First, the designer draws the exterior 
walls of the office. Pressing one of the 
User Definable keys brings up the 
cross-hair cursor, Using the cursor and 
the thumbwheels, the designer defines 
the corner points of the walls and doors. 
Once the walls are placed, the menu is 
returned by pressing a User Definable 
key Notice that the menu can be re- 
called and erased independently with 
Dynamic Graphics. It is no longer 
necessary to erase the entire screen to 
eliminate the menu. 

Next, desks are arranged, A User De- 
finable key brings up a menu of desks 
and other office furniture at the bottom 
ol the screen. Al ter the appropriate ob- 
ject (in this instance a desk) is chosen, it 
is moved around the screen using the 
thumbwheels. The desk can be tried in 
d i f fe re n t p I ac ex i n t h e off i ce ; w he n the 
tleisred location is found, an image of 
the desk is stored on the office display 
with a single keystroke* Successive re- 
plicas of the desk can be positioned 
around the office by moving the object 
with the thumbwheels and storing 
copies as the design continues. Simi- 
larly, wall partitions, plants, file 
cabinets, and conference tables are 
quickly picked from menus, positioned 
and stored. Once the plan is completed, 
a 4662 or 4663 Digital Plotter plots the 
office layout. The procedure is quick, 
easy, and highly interactive, 
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Fig. 1 . Dynamic Graphics otters a great speed advantage in applications such as designing office layouts, as illustrated here, where oDjects stored m 
dynamic memory are called up and displayed in refresh mode. 
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Dedicated graphics option adds a 
dedicated microprocessor 

LJv tu>w you can appreciate not only the 
power of Dynamic Graphics but also the 
computing power and memory required 
to provide this capability. 

Dynamic Graphics is a single circuit 
board installed in the 4054. A high- 
speed microprocessor and 32 kilobytes 
of dynamic memory are dedicated to 
the creation and display of refresh ob- 
jects. completely independent of the 
4054's processor. When Dynamic 
Graphics commands are received, the 
microprocessor stores the objects 
created in its own memory. Timing dr* 
cuits prompt the Dynamic Graphics op- 
tion to retrace its display memory, pro- 
ducing non-stored images on the screen 

The number of vectors displayed 
without flicker depends on the length of 
the vectors. Up to 1*000 vectors averag- 
ing one-hair centimeter in length may 
be displayed without flicker. The 
amount or displavuhle text is related to 
the number of strokes in each character 
A l least one fill 1 1 ine of text , or several 
shorter lines* can be displayed in re- 
fresh mode. 

New commands 

New language commands lac i I it ate 
writing BASIC language programs to 
create objects. The object can he any 
meaningful unit: a simple line or word , 
a complex 1 .000 vector object, or a pro- 
gram menu. An RO PEN statement be- 
gins the construction process; sub- 
seq ue n t v ec t a r s a n d t e n t s t ri n gs de f i ne 
the object. The definition continues 
until an RC LOSE statement is encoun- 
tered. An RAPPEND command will ex- 
pand l he definition. The specified object 
is reopened to add additional vectors 
and/or text. Object definitions can also 
be deleted o r re p 1 ac ed , 

The object definitions, along with 
some display information automat- 
ically' provided by the 4054. are stored 
i n i he Dy n a rn i c G r a p K ics m e m o ry. Th is 
sc pa r a t c me m o ry pc rmits e f 1 i c Jen t ob- 
ject storage which doesn't subtract 
fro m the 4054's re ad/w rite me mo ry, I t s 
easy to build a large set of objects. 

An object appears on the 4054 screen 
through the VISIBILITY command. 

This command causes the object s defi- 
nition tube repeatedly retraced (re- 
freshed), producing a non -stored image 
on the screen. The displayed image of 
the object can just as easily be deleted; 



the image no longer refreshed vanishes 
From the screen, However, the definition 
remains in dynamic memory. This 
allows interactive prompts and pro- 
gram responses without cluttering the 
screen with unnecessary text, 

A BLINK command alternates an 
object between visible and invisible 
modes according to user-specified on 
and off times. It can be used to draw the 
operator's attention to a prompt or 
indicate an object needing some user 
action. 

Motion is another major graphic en- 
hancement. The refreshed image of the 
object can be moved around the screen 
either under program control interac- 
tively with the thumbwheels* or by 
using an optional graphic input device 
such as a graphic tablet or joystick. The 
CURSOR command replaces the stan- 
dard cross-hair cursor with a specified 
object and places it under direct control 
of the thumbwheels. 

The FIX command copies the object 
onto the screen in storage mode. You 
can quickly place multiple images of an 
object by repeatedly positioning and 
fixing the object . There is a great speed 
advantage with Dynamic Graphics. An 
object stored ;n the dynamic memory 
can be displayed on the screen up to 100 
times faster than by drawing it directly 
from a program onto the screen. 

No compromise In compatibility 

Language compatibility, a major fea- 
ture of l he 4050 Series, is maintained, 
The new commands are ignored by the 
4052. and by 4054s without the option. 
Special provisions to interact with op- 
tional graphic input devices, such as the 
joystick or graphics tablet have been 
incorporated, 

New application for graphics 

This refresh capability also provides 
real-time simulations. With the CUR' 
SGR command, it is possible to replace 
the cross-hair cursor with any refreshed 
object and place the object under the 
control of the thumb wheels. Imagine a 
4054 with Dynamic Graphics as a tacti- 



cal decision aid. A submarine is created 
and becomes the cursor, A second ob- 
ject, a destroyer, can be displayed in re- 
fresh and its position determined bv the 
location of the submarine. It is now pos- 
sible to simulate evasive maneuvers by 
allowing the operator to move the sub- 
marine around the screen, trying to 
avoid detection by the destroyer. 

To be useful — toots must fit their uses 

In designing, you often think in terms of 
standard graphic components* such as a 
desk in facilities layout or a transistor 
symbol in a circuit diagram. Dynamic 
Graphics provides the graphic power to 
work directly with these graphic ele- 
ments* not just points or lines. 

The examples we've chosen can only 
hint at the power of 4054 Option 3D 
Dynamic Graphics. We know that users 
wilt apply this increased graphic in- 
teractivity in many creative ways. 

The 4054 has the most powerful 
graphics feature available in a desktop 
computer. With the addition of 
Dynamic Graphics, the potential appli- 
cation areas are greatly expanded 
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A New Cost-Effective 
Highly Portable Data 
Comm Tester 




Art Yttfkes rs a relative newcomer to fa* having 
started with the Digits! Service instruments 
Group m 1978 After receiving War B $. In flee- 
tronics Physics from LaSafie College m 7 974, 
he worked for Datapro Research, an organiza- 
tion that provides a computer product refer- 
ence service, a type of consumer s guide of the 
computer industry Much of Art's digital com- 
munications background involved working with 
stock market information systems He is pres- 
ently engaged in marketing activities for Digital 
Service instruments 



When problems strike a data communi- 
cations system, fast, effect ivc service is 
a must. For example, there are networks 
in existence where cost for down time 
extends into tens of thousands of dollars 
per hour. The TEKTRONIX 833 Data 
Comm Tester is designed for just such a 
function. Typically, a service technician, 
using the 833, should be able to locate 
and correct over eighty percent of the 
troubles on first call. The remaining ten 
to twenty percent w ill probably require 
an expert on the data comm system, 
and more sophisticated, expensive test 
equipment. 

The S33 is a "friendly" instrument — 
easy to learn, easy to operate, and easy 
to carry. It weighs just twelve pounds. 
Applicable to any RS232-C, C.CJT.T. 
V24, or current loop interface, the 833 
can monitor or apply test signals to and 
from the modem (DCE)or the data ter- 
minal equipment (DTE}, If can also be 
used to evaluate the quality of the data 
link. Microprocessor control gives the 
833 unusual versatility and, at the same 
time, reduces the number of front panel 
controls needed to effectively use that 
versatility. 

A perusal of the front panel shown in 
figure 2 provides an overview uf the 
many opera ling con figurations avail- 
able with the 833. Note that in addition 
to working with synchronous and asyn- 
chronous systems, the 833 accommo- 
dates systems using the HDLC protocol 
and employing standard or NRZI data 
en cod in g sc he mes , 



A wide choice of data rates is pro- 
vided. Baud rates from 50 to 9600 bits 
per second are available from an inter- 
nal clock, or you can select a supplied 
clock from the host computer, data ter- 
m i nal , or co m m un ica l ions equ i pment , 
Provision is also made to derive the 
clock from the data stream. 

The 833 can operate in full duplex or 
halfduplex mode with turn-around 
delay in halfduplex selectable from the 
keypad. The keypad plays an important 
role in 833 operations. It allows you to 
program the instrument specifically for 
the network under test, eg., selecting 
character length, synchronizing signals, 
etc. The keypad also serves as mode and 
buffer selector. 

Operating modes 

The versatility of the 833 is evidenced 
by the wide choice of operating modes 
provided. In the MONITOR mode, data 
transmissions in both directions are 
displayed in real time and recorded. 

The portion recorded is determined by 
the START, STOP, and MEMORY CON- 
TROL controls. You can choose to dis- 
play DCEor DTE data, or both. Both 
are recorded and maintained irrespec- 
tive of which is selected for display. The 
source of the displayed data, and the 
status of the interface lines are also rec- 
orded and displayed along with the 
data and its location in memory. 

In testing data terminals and DCEs, 
the SIMULATE, ECHO and REPEAT 
modes are used. Regular SIMU LATE 




Fig. 1. The high y portable 833 Data Comm Tester 
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Rg- 2. The many operating configurations available to the 833 user are easily discerned from the functional front-panel layout. 



mode transmits a message once and 
r ec © rd s t he re s pon s e . R E P E AT mod e 
transmits a message repeatedly, rec- 
ording any interleaved responses. And 
ECHO mode performs as the regular 
simulate mode but, in addition, echos 
received characters back to the trans- 
mitting device. Trigger sequences may 
be used with any of the simulation or 
monitoring modes to achieve a variety 
of specialized tests, 

A message can be entered from ihe 
keypad, or you can select one from sev- 
eral stored in ROM, Messages in ROM 
include an ASCII fox test, uppercase 
ASCII characters, a full ASCII character 
set , a set of 1 32 u pper case ASCII 
characters, an EBCDIC fox test, and 
uppercase EBCDIC characters. There is 
also provision fora user-defined mes- 
sage PROM with a capacity of 2048 
bytes. 

The SEARCl I mode provides a con- 
venient means of searching both the 
send and receive buffers for the pres- 
ence of data sequences of from one to 
three characters. The trigger buffer is 
used to hold the specified characters. 

Extensive self test 

As you work with communications sys- 
tems it is important to know that your 
test instrument is working properly, The 
833 performs a self- test on power up, A 
RAM march test, RAM bit Independent 



check, and a ROM check sum test are 
performed, and all of the LED readouts 
are energized. 

In addition to the start-up tests, the 
833 can be put in the DIAGNOSTIC 
mode and a number of extensive test 
routines called up from the keypad. 
These include a more thorough test of 
memory, l he display elements, slide 
switches, pushbuttons, baud switch, 
CPU , and other elements, 

CRC calculation 

Communication systems differ in the 
scheme used to detect errors in data 
handling* The B33 calculates three 
kinds of message check bytes: CRC- 16, 
CRC-CCITT, and LRC-8. CRC, or cyclic 
redundancy check, is most commonly 
performed on bisynchronous messages 
that use EBCDIC code. CRC-CCITT is 
another form of CRC that is commonly 
used on systems with HDLC protocol* 
LRC-8, or longitudinal redundancy 
check, is still another form of check 
character in which a parity check across 
the whole message is performed. It is 
commonly encountered in bisynchron- 
ous systems that use ASCII code. 



CRC characters are numbers gener- 
ated by using message data as a very 
long binary number and performing a 
mathematical operation on it. The 
MARK key is used to select the charac- 
ter marking the start of each CRC cal- 
culation. The user selects the end 
character for the calculation by step- 
ping through the buffer until the de- 
sired character appears in the readout* 
The CRC calculation is then initiated by 
pressing the appropriate CRC key, fol- 
lowed by MODE, Residts of the tests are 
displayed in the LOCATION and CON- 
TENTS section of the display, 

BERT testing 

It is sometimes useful to check the 
quality of the data line itself, and the 
most common method of doing that is 
to perform bit error rate testing, or 
BERT. The 833 provides this capability* 
The CCITT BERT pattern is a 51 1-bit 
message sent and read on a looped-back 
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line, or sent io a receiving BERT tester 
uti the other end, so that errors may be 
counted. The 813 will perform three 
different test lengths — 100,000 bits, 
1,000,000 bits, or continuous. In the 
continuous mode, the test is run until 
999 bit errors are counted or until the 
STOP key is pressed. The results of the 
test reside in several registers. You can 
choose to read the bit error rate (which 
i s d isplay ed rea ] E i me d u ring t he test J , 
i h e n u m be roll 000- hit blocks r ece i ve d , 
the block error rate, or the number of 
faults. A fault is recorded each time the 
error rale exceeds twenty five percent 
over a span of sixty-four characters. Er- 
rors may be injected into a transmitted 
bit stream, and you may clear all regis- 
ters during the test, tf desired. 

Buffer selection should be an integral 
part of the operating mode discussion 
There are four selectable buffers: 

SEND, DTE TRIG, DCETRIG, and 
RECV. These also serve an alternate 
function in BERT operation. The send 
and receive buffers will hold 255 and 
256 characters, respectively. The trigger 
buffers hold three characters. 

Messages can be entered into the 
SEND, DCE.or DTE buffers from the 
keypad. Messages stored in any buffer, 
including the receive buffer, stored mes- 
sage buffers, or user-defined message 
buffers (EPROM) can be transferred to 
the SEND buffer The transfer action 
does not destroy the contents of the 
buffer transferred. The receiver buffer is 
automatical I v cleared when the START 
button is pressed, and records whenever 
a trigger occurs or the STOP button is 
pressed. 

The EPROM capabilities provide 
users the ability to construct a fairly 
large set of messages specific to their 
needs, and use them in a manner which 
makes it appear as if they were factory' 
installed. e.g., with no complication of 
the user interface. 

The interface breakout panel 
The interface breakout panel on the 
front panel of the 833 is an important 
troubleshooting aid. It provides direct 
access to the interface lines* Twenty- 
four line disconnect switches are used 
to control throughput to and from the 
data terminal or data communication 
equipment. Patch pins, electrically 
connected to each side of the disconnect 
switches, provide easy access to any 
line. 

Also included in the breakout panel 
are jumper pins for the probe and 



marker LEDs, and for the -12 volt and 
4 12 volt reference supplies. You can 
open any line using the breakout 
switch, or cross-connect lines using 
suppl ied jumper wires between the 
patch pins. The probe LED circuit can 
also be patched to any line; or. if you 
want the signal recorded, you can patch 
to the marker LED circuit. Any of the 
lines can be forced HI or LO by patching 
to one of the reference supplies* 

A simplified display 

In selecting the type of display to be 
used in the 833 many factors were con- 
sidered — the kind of information to be 
viewed, the space required, weight, and 
cost being the major factors. Digital 
information is presented by two 7- 
segment LED readouts — one a three 
digit and the other a two digit. The two 
digit display presents data in 
hexadecimal format. This simplifies the 
display and eliminates the need for 
memory space for special ROMs For the 
different code sets. The three digit dis- 
play is used to show the location of the 
data in memory, and for other functions. 
Other LEDs are used to indicate the 
source of data, parity and framing er- 
rors, trigger and sync status, and the 
status of the interface lines. Two LEDs 
provide a built-in logic probe function 
that can be connected to any interface 
line (at the breakout panel) to show its 
logic level in real lime* The MARKER 
LED serves a similar function but dif- 
fers from the PROBE LEDs in that the 
status is recorded along with each 
character* 

Summary 

The 833 is designed to provide a cost- 
effective solution to the problem of ser- 
vicing data communication systems in 
a fast, efficient manner. It can monitor 
data Row in both directions and allow 
you to analyze that data; simulate the 
modem, poll multi- terminal systems* 
and perform BERT testing to check the 
quality of the data link These ami manv 
other tasks can be performed on an in- 
strument which is easy to learn* easy to 
operate, and easy to carry to the site of 
the next problem. 
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A New DMM Family for the 
TM 500 Series 
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Bill Mark joined Jek in 1968 after completing his 
B.S. in Electrical Engineering Technology at 
Weber State College In Utah . He received his 
O.S. LC from the University of Portland in 1978. 
Biif worked with the Product Evaluation group 
doing electrical evaluation on accessories and 
general purpose Instruments, Ha also did 
highdmpe dance attenuator design for soma of 
the 400 Sahas Oscilloscopes He is responsible 
tor the electrical design of the DM 501 A. 

Bill is an amateur mycologist (one who can 
discern between pai&t&bte and poisonous 
mushrooms) end enjoys gardening, hunting, 
and fishing . 



The capability to assemble an in- 
strumentation system tailored to your 
application is one of the major benefits 
offered by t he TEKTRONIX TM 500 
Series- Now, three new digital mul- 
timeters — The DM 501 A, PM 502 A, and 
DM 505 expand this capability substan- 
tially. 

In designing these additions to the 
TM 500 family, the major goals were to 
improve reliability, increase display 
size, expand measurement ranges, im- 
prove accuracy enhance opera t ing ease, 
and provide a wider choice of meas- 
urement capability. All of these goals 
have been achieved* 

The DM 501A and DM 502A replace 
their earlier counterparts, the DM 501 
and DM 502, respectively while the 
DM 505 is a new addition to the family. 

The DM 501 A and DM 502 A arc 
seven-function multimeters, including 
dc and true rms ac voltage and current 
measurement, HI-LO resistance, deci- 
bels (dBm and dBV), and temperature. 
The DM 501 A features 4 Yi digit readout 
with 10 pV resolution and 0.05% dc 
voltage accuracy 

The DM 502 A adds the convenience of 
autoranging for all but current meas- 
urements and provides 3 l h digit read- 
out with ] 00 pV resol u t ion and 0 A % ac- 
curacy for dc voltage. 

True rms measurements 

True rms ac measurement is a new 
capabil ity fur the TM 500 Series DMMs. 
Both the DM 501 A and DM 502 A use the 
technique of rectifying the input 
waveform, squaring it, filtering it over 
several cycles, and then taking the 



square root of it* This approach results 
in a true rms reading for any input 
waveform within the bandwidth and 
crest factor 1 i m i ta t ion of the DMM. The 
DM 50 1 A and DM 502 A have a crest fac- 
tor of 4, 

Many applications, such as meas- 
urements on regulators, power control 
Circuitry etc*, involve signals other than 
sine waves which can only be measured 
accurately with a true rms meter, White 
noise, two- tone intermodular ion test 
signals, and other communications sig- 
nal measurements also require true rms 
for accuracy. 

The DM 502A couples true rms dB 
measurement with autoranging capa- 
bility to provide unprecedented opera- 
ting ease for communication and audio 
m easu re me n t& * Au to ra ng i n g e 1 i m i n a t es 
the traditional need for range changing 
and addition of the display reading to 
the range setting for computing the 
final value. IF the test signal source is a 
TM 500 plug-in, the ability to switch be- 
tween rear and front panel inputs 
speeds up gain measurements still 
furtjhcr. 

Unexcelled temperature measurement 

A new temperature probe, the P6601, 
provides the DM 501 A with the widest 
temperature measurement range of any 
DMM available today (-62° to +240°C), 
Temperature measurement with the 
DM 502A is -55° to +2Q0°C. 

The P6601 uses a thin-film platinum 
resistor mounted on a silicon substrate, 
as the sensing element . This is bonded 
to a hemispherical beryllium oxide lip 
for contact with the outside world, 
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Fig. 1. Three new digital multimeters greatly expand the range of measurement capability 
available to TM 500 users. 
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Electrical cun tael with the sensor is via 
fine wire bonding leads. The entire 
mass is very small which results in 
minimum heat sinking of the object to 
be measured, and a rapid response time 
(0,5 seconds ±0,2 seconds). The dome- 
shaped tip reduces the amount of sur- 
face contact and eliminates the need for 
a thermal compound (silicon grease) 
and precise probe positioning. Com* 
bined heat sinking and thermal gra- 
dient errors for common transistor 
cases is shown in figure 2. The high 
temperature probe body and cable de- 
sign of the P6601 permits immersion in 
liquids or use in temperature chambers 
at temperatures up to + J40T, 

There are no calibration a just merits 
on the probe assembly Any necessary 
adjustment is done in the DM 501 A and 
DM 502A which contain the probe 
amplifier and linearization circuitry 

A new tow cost member 

The DM 505 is a 5-function DMM de- 
signed for the many applications best 
met by an inexpensive, casy-to-operate 
dependable digital multimeter. Educa- 
tion and production uses are typical 
examples. Functions include dc and ac 
voltage and current* and Hl-LO resist- 
ance measurements. The ac voltage 
function is average responding, rrns 
calibrated, which is a convenience 
when comparing results with earlier 
readings taken by average responding 
meters, 

A family resemblance 

The DM 501 A, DM 502 A and DM 505 
have much in common. Each features a 
large, bright, seven- segment LED dis- 
play pushbutton range and function 
selection, floating inputs, and selection 
of rear and front -panel inputs. Meas- 
urement ranges are the same with a few 
exceptions. The chart in figure 3 pro- 
vides a quick comparison of charac- 
teristics. 

Some special considerations 

Several areas required intensive effort 
to meet design goals for performance, 
build ability, maintainability and 
reliability. 

Making accurate ac voltage meas- 
urements will serve as a typical exam- 
ple. Many printed-circuit boards exhi- 
bit a characteristic we call "hook" Hook 
may be defined as the effect on a signal's 
voltage amplitude caused by a change 
in pc-board capacitance with a change 
in frequency This capacitance varies 
inversely with frequency and is most 




mmj* au*E«T TftoPWftTURt 



■HTCATEDCME 



Fig, 2, Combined heat sinking arx* thermal gra- 
dient error introduced by the F6601 when 
measuring different sized transistor packages 

dominant below I to 20 kHz, 1 . In addi- 
tion to pc board material, dielectrics 
used in capacitors, switches, and other 
components were evaluated for hook , 

The effect of hook is most trouble- 
some in DM Ms in the attenuators used 
for the ac converter circuitry, where it 
can introduce measurement errors of 
I % or greater. The effect is aggravated 
in high-humidity environments. Work- 
ing with ourpe-board suppliers we have 
established standard tests for measur- 
ing board capacitance and determining 
which boards are acceptably hook free. 
This allows us to use conventional 
manufacturing techniques and yet hold 
tight specifications over the entire op- 
erating range of 20 Hz to 20 kHz. 

Floating input ac measurement is 
another area which received special at- 
tention. The metal plug- in enclosure 
used for the plug-in modules provides 
good shielding from external signals 
but requires the use of guarded shields 
to el i m i na tc the effec ts of st ray ca- 
pacitance on floating ac measurements. 
Both the ac attenuators and input cir- 
cuitry have guarded shields. 



To eliminate undesired coupling be- 
tween digital and sensitive analog cir- 
cuitry, a star grounding system was 
adopted. The star grounding scheme 
keeps pc board costs low by not requir- 
ing the use of multi-layer boards. 
Ground currents for these different cir- 
cuits flow through separate ground 
paths and meet at a common point at 
the power supply. The points at which 
various ground currents enter a par- 
ticular ground return are also carefully 
selected to prevent generating unde- 
sired offset voltages. 

Summary 

The new family of DM Ms for the TM 500 
Scries is designed to give you a wide 
choice of measurement capability for 
your TM 500 measurement system. Ex- 
tended capability, operating ease, large 
LED displays, specified accuracies over 
the entire operating range, and other 
features allow you to make DMM meas- 
urements with greater ease and confi- 
dence in the the results, 

1 "Getting rid of hook: the hidden pc-board 
capacitance' * Electronics, October 12. t97B 
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Fig, 3. Chart providing rapid comparison of major characteristics of the DM 501 A. DM 502 A 
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Simultaneous X-Y, Y-T 
Displays Using a 5100 
Series Oscilloscope 




Les Hurtock joined Tek in 195& and spent sev- 
eral years as Service Center Supervisor tn 
mid-west and West Coast Field Offices. Re 
turning to Portland, be served in Engineering 
and Training, where he authored several tech- 
nical publications. Currently, Les is Marketing 
Product Specialist for 5000 Series products He 
Is heavily involved in applications for the life 
sciences market and has authored a number ot 
biomedically-oriented application notes 



Medicine and tit her scientific fields 
often call for measuring the reiat ion- 
ship between physical forces. By using 
transducers to convert such forces into 
electrical signals, an oscilloscope can be 
used as a convenient and accurate 
measurement tool. 

Many physical measurements made 
with an oscilloscope involve the re- 
lationship between two separate forces, 
one placed on the vertical (Y) axis and 
the other on the horizontal (X)axis of 
the display. Applications occur where 
one of these forces must also be meas- 
ured as it progresses through time (T), 
TEKTRONIX 5100-Series Plug-in Os- 
cilloscopes are ideal for such applica- 
tions, providing simultaneous X-Y and 
Y-T displays on a single instrument. 

Any single-beam 5100-Series main- 
frame can be used for such displays, A 
5100-Series dual beam mainframe can 
also be used but will require modifica- 
tion. The set-up uses two single-channel 
amplifier plug-ins (or two multi- 
channel plug-ins in the single-channel 
mode) in the left and center compart- 
ments, and a 5BI2N Dual Time Base 
Plug-in in the right hand compartment, 

The 5B12N controls arv set for dual 
sweep operation with automatic trig- 
gering. The A Time/Div control is set to 
one of I he a m p I i f ier pos i \ ions (50 m V or 
.5 V/div), and the B Time/Div control to 
the desired sweep speed. The B sweep is 
triggered internally from the center 
plug-in. 

With the 5B12N operating in the 
CHOP mode, time base A (now serving 
as an ’X' amplifier) is paired with the 
left hand plug-in to produce an X-Y dis- 
play (top trace of Fig. 1), Time base B is 
paired with the center plug-in to pres- 
ent a Y-T display (bottom trace of Fig, I), 

The 'X' bandwidth (through the 
5B12N) is de to 1 MHz, while the 1 Y' 
bandwidth depends on the vertical 
plug-in used* Typically it is 1 or 2 MHz, 
The X-Y phase shift is not specified 
when using time bases in the 
"amplifier" inode; however, it typically 
will be ^ V dc to 100 kHz, 

A typical application 

As an example of the value of simul- 
taneous X-Y, Y-T displays let's consider 
a fairly common medical application* 

One way to measure human respira- 
tory performance is through the use of 
an oscilloscope and a wedge spirometer 
with transducer outputs. Typical meas- 
urements include Vital Capacity Forced 




Fig 1, Combinat ion X-Y, Y-T display 

Expiratory and Inspiratory Volume and 
related parameters. Usual ly, each 
measurement requires a separate effort 
on the part of both the patient and the 
test attendant. The 5100-Series simul- 
taneous X-Y, Y-T capability allows two 
measurements to be made at once, 
saving both patient effort and lab time* 
Since this application requires a 
permanent record of real-lime activity, 
it is convenient to use a storage oscillo- 
scope and then photograph the result- 
ant display* In this instance, a 51 1 1 
Storage Oscilloscope with two 5A15N 
Amplifier Plug-ins, a 5BI2N Dual Time 
Base, and a C-5B Camera are used. 

The wedge spirometer has two out- 
puts — - "volume" and ft flow" (see Fig. 
2)* The "volume" output serves as the 
'Y' signal and is applied to the inputs of 
both 5A15 Amplifiers. The "Row" out- 
put represents the ‘X/ signal and is 
applied to the A Ext. Input connector of 
the 5B12N. 




Fig. 2* Diagram ot setup which routes I ha "vol- 
ume* 1 signal Ihrough both let! and center 
amplifiers and represent Ihe "Y" part of both 
X-Y and Y*T displays. 
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Rfl r 3. X-Y display showing Nov* fume loop 
(lower*. and Y-T display of volume/time spiro- 
gram (upper). 

The precise lest sequence is deter- 
mined by qualified medical personnel. 
Briefly, the patient is instructed to in- 
spire to total lung capacity, blow out 
forcibly to residual volume, and then 
inspire rapidly to total lung capacity 
before taking the mouthpiece out of his 
mouth. 

The resultant scope image will show 
two displays (Fig. 5). The flow-volume 
loop Is the X-Y display produced by 
time base channel A (X - flow), and the 
left amplifier (Ya » volume). The 
volume-time spirogram is the Y-T dis- 
play produced by the center amplifier 
(Y» — volume) and channel B time base 
(T), 

Summary 

TEKTRONIX 5000-Series Plug-in Os- 
cilloscopes provide a wide range of 
measurement capability with a broad 
selection of mainframes and plug-ins 
available* They can operate as general 
purpose instruments, yet fulfill special 
measurement needs as in this instance 
of providing simultaneous X-Y, Y-T dis- 
plays, Application notes covering this 
and other applications are available 
from your Tektronix Field Office or 
Representative, 
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A Portable High-Performance 
Microwave Spectrum Analyzer 

The Tektronix 492 will make state-of-the-art 
measurements over the range of 50 kHz to 220 
GHz, both in the laboratory and under severe 
environmental conditions. 



The Tektronix 492 Is A New-Generation 
Spectrum Analyzer 

A few years from now, someone will undoubt- 
edly introduce a new spectrum analyzer that 
improves on the 492. But that is in the future. 
The 492 is here today. 




Tekscope is a bimonthly publication of Tek- 
tronix, Inc. In it you will find articles covering 
the entire scope of Tektronix products. Techni- 
cal articles discuss what's new in circuit and 
component design, measurement capability, 
and measurement technique. A new products 
section gives a brief description of products re- 
cently introduced and provides an opportunity 
to request further information. 



Making Measurements with the 492 

Some measurements showing the high stability 
and signal purity capabilities of the 492. 



Packaging A Spectrum Analyzer for 
Performance, Maintainability And 
Survival 

Designing and producing a portable package 
which would enable the 492 to meet MIL-T- 
28800B was a challenging experience. The 
key to success was the design of a crt capable 
of withstanding severe vibrations and shock. 




A First Converter With Field 
Replaceable Diodes 

Field replacement of mixer diodes exposed to 
excessive voltage is easy in the 492, but that is 
just one benefit. 



A Switching Power Supply For The 492 
Spectrum Analyzer 

The weight of conventional supplies have 
made the high-performance portable spectrum 
analyzer a rarity until now. 
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Cover: The 492 Spectrum Analyzer, equally at 
home in the field as it is in the laboratory. 
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A Portable 
High-Performance 
Microwave Spectrum 
Analyzer. 




Dave Morton received his Ph.D. from Iowa 
State University. Dave joined Tektronix in 1971 
as a Project Engineer and has been associ- 
ated with microwave circuit design and 
measurement. He currently manages the Tek- 
tronix Spectrum Analyzer Electrical En- 
gineering Group and is a member of the IEEE 
and its Microwave Theory and Techniques 
Group. He and his wife and two daughters 
particularly enjoy the Oregon Coast in spite of 
the rain. Woodworking and photography are 
among his spare time interests. 



It is often impractical to transport 
laboratory instruments to remote 
places and highly unlikely that, 
once transported, they will func- 
tion properly under the environ- 
mental extremes encountered. Yet 
there is a growing need for labora- 
tory spectrum-analyzer measure- 
ment capability at remote sites. 

The Tektronix 492 meets this 
need for making state-of-the-art 
measurements over the range of 50 
kHz to 220 GHz, both in the labora- 
tory and under severe environmen- 
tal conditions. This portable 
analyzer qualifies under the MIL- 
T-28800B, Type III, Class 3, Style C 
specification, a very rigid 
specification. 

Much has been done in the 492 to 
make it easier to get the desired 
display on screen and make meas- 
urements precisely. 

A simplified front panel 

The uncluttered appearance of the 
front panel is achieved by removing 
the scales for the frequency, span, 
resolution bandwidth, and 
reference-level controls from the 
front panel. These parameters are 
displayed on the cathode-ray tube 
along with the signal. Thus, all the 
parameters required to properly 
characterize the display are avail- 
able in one place. 



The three main elements in a 
spectral display — frequency, fre- 
quency span, and amplitude refer- 
ence — are controlled by three large 
knobs. Other controls are located 
where they are readily available. 

In the 492 automatic coupling 
between primary controls is usually 
used to insure display calibration 
for virtually all selections. If the pa- 
rameters manually selected are 
such that amplitude calibration is 
not maintained, a warning light in- 
dicates the uncalibrated condition 
and a ’’less than” symbol precedes 
the reference-level readout to indi- 
cate uncalibrated value. 

The frequency-span control is 
concentric with the resolution- 
bandwidth selector and the 
switches that control span-related 
functions such as signal identifica- 
tion, phase-lock stabilization, and 
automatic resolution selection are 
situated nearby. 

Concentric with the reference- 
level control is the minimum rf- 
attenuation selector. Vertical dis- 
play factors, video filters, digital 
storage, and other signal 
processing function controls are 
also appropriately grouped for 
easier use. 




Single frequency tuning 
CTR control. 



The bottom control presets 
the attenuation. The outer 
control sets reference level. 



Push this button to mea- 
sure frequency difference. 



Microprocessor- 
:ontrolled 
resolution permits 
operation via 
single span control. 



Figure 1 . The three main elements, frequency, frequency span and amplitude reference, are 
controlled by three knobs. 
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Digital storage 

The digital storage option provides 
flicker-free displays at the low 
sweep rates required for high- 
resolution measurements. 

Two displays can be stored sepa- 
rately and displayed simultane- 
ously for comparison, or the differ- 
ence between the two signals can be 
displayed. In addition maximum 
signal levels can be captured and 
displayed. 

The 492 with digital storage also 
provides an adjustable noise- 
averaging threshold to store and 
display signals that would 
otherwise be buried in the noise. 

Single-knob wideband tuning 

A most important spectrum 
analyzer function, tuning, is digi- 
tally controlled in the 492 by a 
Tektronix-designed optical switch. 

Spectrum analyzers "tune" by 
varying the voltage applied to a 
voltage-controlled oscillator (vco). 
This is conventionally ac- 
complished with a low-noise poten- 
tiometer and precise frequency 
selection is difficult. 

With a resolution of about one 
part in two million, the tuning con- 
trol of the 492 can set an oscillator 
with a 4 GHz range to within 2 kHz. 




Even finer tuning increments are 
effected in the 492, however, 
through the use of two separate 
digital-tuning systems. One con- 
trols the frequency of the YIG-tuned 
first local oscillator through its 
main, or coarse, tuning coil. The 
second controls the second local os- 
cillator. The tuning rate, referred to 
the frequency span displayed, is es- 
sentially constant for all frequen- 
cies and is set with a single control 
knob. 

Coupled-control operation 

In the 492 the resolution bandwidth 
is normally operated in the auto- 
matic mode. In AUTO RESOLU- 
TION the bandwidth is 1 MHz for 
the wider spans. It is reduced au- 
tomatically in decade steps as the 
span is decreased to maintain a 
convenient span-to-resolution 
bandwidth ratio. The TIME/DIV 
control is usually set to automat- 
ically select the fastest sweep speed 
compatible with resolution. This 
assures proper amplitude 
calibration. 

Thus when the span-control set- 
ting is changed, resolution 
bandwidth and time per division 
are set automatically to provide a 
calibrated display. Either control 
function can be manually operated. 

Zero span is a mode in which no 
sweep is applied to the internal 
local oscillators and the sweep dis- 
played is a time base set by the 
TIME/DIV control. In this mode the 
492 may be used as a modulation 
waveform display device with the 
time-per-division value displayed 
on the crt. 

Single knob reference level control 

Reference level setting in the 492 is 
greatly simplified by using a single 
control and by microprocessor con- 
trol of intermediate-frequency gain 
to automatically compensate for the 
rf attenuation selected. When the 
492 is turned on, rf attenuation is 
automatically set to 60 dB to pro- 
tect the input against inadvertent 
applications of a large signal. 



Figure 2. Timing is accomplished with a 
Tektronix-designed optical switch and two 
counter/digital-to-analog converter circuits. 



Attenuator changes are prohib- 
ited in the differential amplitude 
measurement mode in order that 
highly accurate intermediate- 
frequency substitution-type meas- 
urements can be made. An example 
of this substitution technique is de- 
scribed in the article " The 492 Is A 
New Generation Spectrum 
Analyzer" in this issue. 

The internal control system 

The simplified front panel and the 
ease with which measurements can 
be made with the 492 are benefits 
realized largely by firmware 
microprocessor control. 

Interconnection of the many cir- 
cuit functions to the control micro- 
processor is by means of static ad- 
dress and data buses. A static-bus 
system prevents control-signal in- 
terference with sensitive rf and 
analog circuitry. 

Each of the controlled modules 
latches its own control status in- 
structions until change is necessary. 
To maximize communications effi- 
ciency, controlled modules are 
designed to operate without the 
burden of scanning the front-panel 
settings continuously. When a 
front-panel control is changed, the 
new setting is encoded and a pro- 
cessor interrupt is generated The 
processor then initiates the neces- 
sary actions. 

The system firmware that ad- 
ministers the control is modular. 
This simplifies maintenance and 
repair. 

After the power is turned on the 
processor reads headers in the 
control-system roms.As each re- 
quired module is found, its corre- 
sponding starting address is read 
from the header and stored in a 
table in system ram. The table can 
be filled in any order, thus the mod- 
ules may exist in the rom in any 
convenient order. The rom is 
searched from low-to high-order 
address. Since only the first header 
reference to a given module is re- 
corded in the ram table, repairs are 
made by simply placing a desired 
routine at a lower address location. 
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The run-time linker just de- 
scribed is quite circumspect. A 
run-time linker allows repair of 
routines in production, as well as 
facilitating firmware configuring 
for the version of the 492 ordered (a 
number of options are offered.) If, 
for example, the digital-storage 
hardware module is not installed, 
the run-time linker will not attempt 
to load the digital- storage module 
starting address, and the 492 will 
operate as a non-digital-storage in- 
strument. Such a design enhances 
the ability to keep the 492 in service 
should a failure occur. Further, 
since one set of roms contain the 
firmware modules for all instru- 
ment configurations, firmware 
can be replaced easily and 
unambiguously. 

Signal handling and processing 

A high-performance spectrum 
analyzer must have a superb 
signal-handling system to make 
state-of-the-art measurements. In 
the 492 state-of-the-art rf subsys- 
tems include a 60 dB step at- 
tenuator, a three-stage tuned yig 
preselector, and a 50 kHz to 21 GHz 
input mixer. (See "First Converter" 
With Field Replaceable Diodes in 
this issue.) 




Gain 

Control 



Figure 3. The distributed filter configuration 
eliminates the need for a wide-dynamic-range, 
low-noise, controlled-gain amplifier. 

The first local oscillator is tuna- 
ble over a greater than 4 GHz range, 
covering the 50 kHz to 21 GHz basic 
frequency range of the 492 in only 
five bands, while avoiding 
spurious-signal displays (undesired 
mixer conversion products.) 

Depending on the frequency 
band selected one of two first in- 
termediate frequencies (829 MHz or 
2.072 GHz) is used. The 2.072 GHz 
first i-f is used with external mixers 
to cover the 18 to 220 GHz bands to 
minimize the display of image fre- 
quencies. With two first inter- 
mediate frequencies two second 
local oscillators are required to 
convert to the 1 10MHz second i-f. A 
100 MHz crystal-based oscillator 
provides conversion to the 10 MHz 
third i-f. 



The variable-resolution filters in 
the 492 have a shape factor of 7.5 to 
1 .This is achieved by using a distri- 
buted filter configuration as shown 
in figure 4. This eliminates the need 
for a wide-dynamic-range, low- 
noise, controlled-gain amplifier at 
the output of the variable resolution 
section. Bandwidths of 1 MHz to 100 
Hz are selectable in decade steps. 

The logarithmic amplifier is 
similar to that used in other Tek- 
tronix spectrum analyzers. The 
pulse stretcher function and fine 
reference-level adjustments also 
occur here. 

Finally, after detection, the signal 
is routed through the video filters (if 
selected) and to the digital-storage 
circuitry. Instrument-parameter 
information for the crt readout is 
multiplexed with the video infor- 
mation in the deflection amplifier 
circuitry. 

Programmability 

The programmable version of the 
492 is designated 492P. This version 
of the 492 is fully programmable by 
means of the IEEE 488-1975 (GPIB) 
standard. The 492P retains all of the 
front-panel controls of the nonprog- 
rammable instrument. Since these 
controls are digitally interfaced, an 
instrument "status profile" is avail- 
able upon request by a controller 
such as the Tektronix 4051 Graphic 
Computer System. 




Figure 4. Simplified block diagram of the 492 Spectrum Analyzer. 
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The Tektronix 492 is a 
New-Generation 
Spectrum Analyzer 




Morris Engelson Marketing Manager of Fre- 
quency Domain Instruments, has written three 
books and between 30 to 40 papers ("de- 
pends on how you count" says Morris.) He 
helped Tektronix enter the spectrum analyzer 
field fifteen years ago. He holds a BEE and a 
MEE from C. C.N. Y. An ex-New Yorker, Morris 
likes the Northwest and is active in school 
board activities. His concern for his family and 
others is evident from his efforts in keeping 
alive the lessons of the Holocaust by talking to 
people in schools and other organizations. 



Since the first spectrum analyzers 
were introduced more than forty 
years ago, many improvements 
have been made in technical per- 
formance, ease of use, physical and 
environmental capability, and 
price/performance relationships. 
The recently introduced Tektronix 
492 Spectrum Analyzer provides 
advances in all these areas, and its 
wide range of options permits the 
user to select the optimum price/ 
performance combination for his 
application. 

Frequency range 

The top frequency setting on com- 
mercially available spectrum 
analyzers has been 60 GHz. The op- 
tions available on the 492 extend 
this upper frequency limit to 220 
GHz, while maintaining a lowest 
characterized frequency of 50 kHz. 

Two technological factors con- 
tributed to this high-frequency-end 
breakthrough of the 492. The first 
was the development by Tektronix 
several years ago of the first broad- 
band, fully-amplitude-calibrated 
waveguide mixers to 60 GHz for use 
with the 7L18 spectrum analyzer. 
Operating on the fifteenth har- 
monic of the 7L18's 4-GHz local os- 
cillator, these mixers exhibit only 
30 dB of conversion loss. The 492 is 
designed to use the same mixers. 

The second factor is the use in the 
492 of a 2-to-6.3 GHz local oscillator 
rather than the traditional octave- 
range 2-to-4-GHz local oscillator. 
The new local oscillator makes pos- 
sible higher operating frequencies 
at lower harmonic conversion 
numbers. As a result, the 492 has 
full frequency and amplitude calib- 
ration to 60 GHz using Tektronix 
broadband waveguide mixers. In 
addition, full frequency span and 
input-frequency calibration are 
provided to take advantage of 
commercially-available mixers to 
220 GHz. Thus, millimeter-wave 
spectrum analysis is extended by 
160 GHz! 



Resolution 

The resolution bandwidth of the 
492 is from 100 Hz to 1 MHz. Com- 
bined with less than 50-Hz incidental 
fm and the wide operating range of 
the first local oscillator, the 100-Hz 
resolution bandwidth setting is 
perfectly usable over the full coax- 
ial input-frequency range of 21 GHz. 
Indeed, respectable measurements 
at 100-Hz resolution setting are pos- 
sible even at 60 GHz. In addition, 
sideband noise is sufficiently low to 
permit easy observation of 70-dB- 
down signals only 3 kHz removed 
from a carrier in fundamental 
mixing mode. 

Stability 

Drift, incidental fm, and phase 
noise sidebands are some of the 
considerations involved in stability. 
An area that is not usually dis- 
cussed is how easily the instrument 
can be stabilized and how well it 
will stay stabilized. 

Although automatic phaselock is 
no longer special, the 492 has the 
advantage of staying phaselocked 
no matter what external tempera- 
ture change or other adverse 
frequency-destabilizing conditions 
are experienced. This performance 
is a result of routine monitoring of 
various internal spectrum-analyzer 
functions by a microprocessor. 

Whenever frequency drift 
threatens to disturb phase lock, the 
microprocessor readjusts the 
local-oscillator tuning voltage to 
maintain balance. The advantage of 
this system is that continuous fre- 
quency restabilization is not neces- 
sary, and ease of measurement is 
improved. 

Dynamic range 

A preselector-equipped 492 
provides a full 80-dB on-screen 
display with 100-dBc harmonic 
measurements. 
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Sensitivity 

Sensitivity for the 492 is -123 dBm 
at 100-Hz resolution setting for fun- 
damental conversion in a non- 
preselected instrument. Because of 
the wide frequency range of the first 
local oscillator, fundamental con- 
version extends to over 7 GHz. 

Amplitude accuracy 

Besides a typical absolute 
amplitude measurement accuracy 
of 3 .3 dB , the 492 introduces 
amplitude comparison in 0.25-dB 
steps by means of its differential 
amplitude (delta A) function. This 
variation of the i-f substitution 
technique provides 200 quarter-dB 
steps for precision amplitude com- 
parison over a 50-dB range. The re- 
sult is improved ease and accuracy 
whenever relative amplitudes have 
to be determined, such as in AM, 
FM, or pulse signal measurements. 

Programmability 

All front-panel measurement set- 
tings are fully programmable via 
the IEEE-488 General Purpose 
Interface Bus in the programmable 
492P. Control settings and signal 
display information can be manip- 
ulated by a controller such as a Tek- 
tronix 4050 Series Graphic Com- 
puting System intelligent terminal. 



Technical performance 

In the area of technical perform- 
ance, the 492 introduces advances 
in three of the seven most-quoted 
performance specifications (highest 
input frequency, microprocessor 
phaselock control, and quarter-dB 
amplitude comparison) without 
sacrificing the high standards of 
performance that users have come 
to expect from modern spectrum 
analyzers. The result is an instru- 
ment that covers the full radio- 
frequency spectrum (including 
much of the millimeter- wave area), 
that stays phaselocked, and that 
provides a new standard in relative 
amplitude measurements. Some of 
these capabilities are illustrated in 
the accompanying photographs. 

Figure 1 shows a 104-GHz signal 
displayed on the 492. The internal 
noise level is 40 dB below full 
screen, providing 40-dB measure- 
ment range at 1-MHz resolution set- 
ting. 



Figure 2(a) shows two signals of 
slightly differing amplitude level. 
The vertical display has been set to 
2 dB/div, and the reference level in 
the upper left corner is set for 0-dB 
reference in preparation for 
amplitude-difference meas- 
urements. Figure 2(b) shows the 
same signals after the smaller sig- 
nal has been set to full screen. The 
change in level setting shows as 
3.25 dB. 
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Figure 2. Amplitude comparison measurements 
can be made within 0.25 dB as illustrated in 
these two photos. 




Figure 1. High frequency performance of the 492 is demonstrated in this photo of a 104 GHz signal 
displayed with 1 MHz resolution. 
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Making Measurements 
with the 492 



By Morris Engelson, 



Spectrum Analyzers are used for a 
large variety of measurements in 
applications ranging from EMC to 
doppler radar, and from FM broad- 
casting to oscillator purity deter- 
mination. Whatever the application 
the primary emphasis is on check- 
ing the amplitude and determining 
frequency spectrum distribution of 
a signal. The following applications 
illustrate some conventional and 
some not so conventional capa- 
bilities of the TEKTRONIX 492 
Spectrum Analyzer. 

Using digital storage in FM 
measurements 

A common spectrum analyzer ap- 
plication in FM is establishing de- 
viation by the bessell-null tech- 
nique. The usual procedure is to 
change the deviation setting which 
produced the display (shown in fig- 
ure 1) until a carrier null is obtained 
as illustrated in figure 2. In figure 2 
we observe the first carrier null at a 
modulation index of 2.4. Since the 
modulation frequency is 10 kHz 
peak deviation is calculated to be 
24 kHz (2.4 x 10 = 24 kHz) . 





After establishing deviation it is 
sometimes difficult to get back to 
the original setting. Use of the SAVE 
feature of digital storage makes re- 
production of original settings 
easier. This is illustrated in figure 3 
where the original spectrum is 
saved in one memory while the 
bessell-null condition is displayed 
by the second memory. After the 
measurement is completed the 
original spectrum display, held in 
the first memory, is available as a 
guide for re-establishing the origi- 
nal equipment set up. These mea- 
surements were performed at 
14.5 GHz. Yet the display is clean and 
your ability to resolve the FM 
sidebands is unimpaired. 




Figure 3 



Signal purity and stability 
measurements 

The high stability and signal purity 
capabilities of the 492 have already 
been shown in the previous photos 
at 14.5 GHz. 

The 492 is excellent for measur- 
ing close-in sideband noise because 
of its high stability and purity of 
signal reproduction. In figure 4 the 
noise level is almost 60 dB down at 
a point only 500 Hz away from the 6 
GHz carrier, improving to 70 dBc at 
2 kHz offset from the carrier. These 
measurements were made using a 
resolution setting of 100 Hz. The ex- 
ceptional capability for clean dis- 
plays designed into the 492 is illus- 
trated in figure 5 which shows the 
resolution of 500 Hz sidebands at an 
input frequency of 21 GHz. 




Figure 5 
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Using the delta modes 

The 492 features differential 
amplitude and differential fre- 
quency modes that provide easier 
means for you to make these mea- 
surements. The delta A mode in- 
crements in 0.25 dB steps, greatly 
improving measurement accuracy 
over other techniques. 

After the carrier peak is set to the 
full-screen reference the differential 
amplitude mode is activated setting 
the reference level to 0.00 dB (upper 
left corner of figure 6). The first 
sideband on the left is then po- 
sitioned to the top of the display 
with the reference level control and 
is determined to be at 3.00 dB 
below carrier (figure 7). The right 
sideband is at -3.50 dBc (figure 8) 
and the next set of sidebands are 
16.25 dB down from carrier (figure 
9). The 492 provides over 50 dB of 
measurement range in the delta 
amplitude mode in increments of 
0.25 dB. 





Figure 7 Figure 10 







The frequency difference (AF) 
mode enhances the measurement 
accuracy when determining fre- 
quency differences between widely 
spaced signals. In figure 10 two sig- 
nal components appear to be 500 
MHz apart. But, is the separation 
precisely 500 MHz or 510 MHz, or 
493 MHz, or what? By reducing the 
span to 1 MHz/div. and activating 
the frequency difference mode, the 
frequency readout is set to 0 MHz 
reference (upper center of figure 11). 
Tuning the next signal to center 
screen we note that the frequency 
spacing is 501 MHz (shown in 
figure 12). < 
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Packaging a Portable 
Spectrum Analyzer for 
Performance, 
Maintainability, and 
Survival. 




Carlos Beeck was born in Lima, Peru. He came 
to the United States as an Air Force Cadet for 
engineering training. Carlos has a BSME from 
the California Institute of Technology and re- 
ceived an aeronautical engineering degree 
from Cal- Aero. At Tektronix since 1968, Carlos 
has participated in component and advanced 
mechanical engineering projects including 
work on the 7L5, TR TR 502, 7L13, 7 LIB. 
and 492. He holds patents for the opto-switch 
and the rf hybrid package. Outside interests in- 
clude wood working, inventing and painting. 



The design goals for the 492 spec- 
trum analyzer package included 
meeting the standards of the rigid 
military specification MIL-T- 
28800B, Typelll, Class 3, Style C. In 
addition, the 492 had to be suitable 
for laboratory environments. The 
instrument also had to be readily 
maintained. 

A rugged frame 

Aluminum castings, combining 
strength with lightness, are used for 
the basic frame structure of the 492 . 
There are a front and rear casting, 
and two identical side-rail castings. 
The rf deck spans the bottom por- 
tion of the frame tying the structure 
together. 

A longitudinal member from the 
front casting to a transverse 
member adds further strength and 
provides support for plug-in circuit 
modules. 

These modules plug into a 
mother board and are secured with 
screws. Any module can be readily 
removed for repair or be serviced on 
an extender board. The front-panel 
as sembly and low- voltage power 
supply also plug-in and are easily 
removed for servicing. 



Crt considerations 

The best shock survival for a crt of 
the size available for the 492 was 
about 40 g's. Testing to MIL-T- 
28800B indicated that the crt 
should withstand accelerations of 
at least 100 g's. 

Using computer analysis it was 
determined that the vibration 
dampers, which maintain the posi- 
tion of the electron gun in the crt 
neck, should be enlarged to produce 
a tube capable of withstanding in 
excess of 120 g's. 

This rugged crt was then 
uniquely cantilevered from the 
front casting in a system of glass- 
filled nylon mounting wedges. 

These wedges hold the crt securely 
and tighten their grip as the crt en- 
counters shock. 

Improved cabinet feet and top 
stacking guides of vinyl rubber 
were developed to absorb shock and 
thereby limit the shock forces 
applied to the crt and other compo- 
nents and structures. Maximum 
shock applied to the crt with this 
system was 80 g's, well within the 
lOOg target. 




Figure 1 . The 492 without covers. 
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492 Specifications 




Figure 2. The ruggedized crt and crt mounting wedges. 



Mechanical innovations enhance 
maintainability and performance 

Many other innovations, while not 
major in themselves, enhance the 
buildability, maintainability, 
usability, and appearance of the 492 
instrument. 

Several options allow the user to 
order the 492 configured for a par- 
ticular application. To simplify the 
production changes required by 
these options the traditional 
anodized-aluminum front panel has 
been replaced by a clear 
polycarbonate-plastic front panel 
laminated to an aluminum back 
plate. The panel nomenclature and 
colors are silk- screened on the back 
of the polycarbonate. Thus panel 
nomenclature resists deterioration 
and the front panel becomes highly 
scratch resistant. 



The rf deck is also designed to 
facilitate the addition or deletion of 
components and contributes to the 
design goal of maintainability. Any 
rf component can be removed or in- 
stalled in less than ten minutes. 

A new method of making semi- 
rigid coaxial-cable connections, 
used in the 492, contributes to a 
very low voltage standing wave 
ratio (between 1.01 to 1.02:1.00). The 
outer conductor of the coax is flared 
to receive a ferrule and nut which 
screws on the female portion of the 
connector. This replaces the tradi- 
tional soldered connection. fc? 



FREQUENCY RELATED 

Frequency Range — 50 kHz to 21 GHz with 
internal mixer, to 220 GHz with external mixers. 
Option 08 deletes coverage above 21 GHz (cali- 
brated mixers to 60 GHz available from 
Tektronix). 

Frequency Accuracy — ±0.2% or 5 MHz, 
whichever is greater, +20% of span/div. 

Frequency Readout Resolution — Within 

1 MHz. 

Frequency Span per Division — IQ kHz to 200 

MHz plus zero and full band max span, down to 
500 Hz with Option 03 in 1-2-5 sequence. 

Frequency Span Accuracy — ±5% of span/ 
div, measured over center eight divisions. 

Resolution Bandwidth @6dB Points — 1 

MHz to 1 kHz (1 00 Hz for Option 03) in decade 
steps within ±20%. manually or automatically 
selected. 

Resolution Shape Factor (60/6 dB) — 7.5; 
maximum. 

o 

-10 
-20 
-30 
-40 
-50 
-60 
I -70 
-80 
-90 
-100 
-110 
-120 
-130 
-140 

1 10 100 1,000 10,000 

Offset Frequency (kHz) 

Typical filler shape, phase noise sidebands, and scns<livif> faclors 
for fundamental mixing on a preselected 492 (Option 01). 

SPURIOUS RESPONSES 

Residual (no input signal) 100 dBmor 

less referenced to input mixer for fundamental 
conversion. 

Harmonics — At least -60 dBc for full screen 
signal in the Min Distortion mode to 21 GHz. At 
least -100 dBc for preselected Option 01. 1.7to 
21 GHz. 

Intermodulation — 3rd order products at least 
-70 dB down from two full screen signals within 
any frequency span in the Min Distortion mode. 

At least -100 dB down for two signals spaced 
morethan 100 MHz apart from 1.7to21 GHzfor 
preselected Option 01. 

STABILITY 

(after 2 hour warm-up) 

Residual FM — (1 kHz p-p) x n (mixing number) 
for 2 ms time duration, improves to (50 Hz) x n 
for 20 ms with phaselock Option 03. 

Long Term Drift: 200 kHz/hourunphaselocked, 

25 kHz/hourphaselocked for fundamental 
mixing. 

Noise Sidebands — At least 75 dBc @ 30X 
resolution offset (70 dBc for 100 Hz resolution) 
for fundamental mixing. 

AMPLITUDE RELATED 

Reference Level Range 123 dBm to +40 

dBm (+30 dBm maximum safe input) for 10 
dB/divand 2 dB/div log modes. 20 nV/divto 

2 V/div (1 W maximum safe input) in the linear mode. 




Continue to page number 13 
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A First Converter with 
Field Replaceable Diodes 




Phil Snow received his from California 
State University, LA. in 1962. Prior to coming to 
Tektronix in 1974 he designed radar receivers 
and radar receiver components and was a mi- 
crowave hybrid processing services consul- 
tant. Phil is presently manager of the Micro- 
wave Technology Group in Tektronix Labs. He is 
the author of papers on surface acoustic wave 
filters and fabrication. His inventions include the 
"Resistive Weighted Transducer, and a "Mi- 
crowave Integrated Circuit Package. Phil and 
his family live in the Beaverton Oregon area. 



The instrument architecture of the 
492 requires that the first converter, 
or input mixer, operate from 50 
KHz to 21 GHz. This wide range of 
input frequencies precludes using a 
double-balanced mixer since it is 
not presently possible to build an 
appropriately coupled input- signal 
feed- structure that will function 
over such a broad frequency 
spectrum. 

Since the first local oscillator 
(LO) of the 492 tunes over a fre- 
quency range from 2 to 6 GHz, a 
single-balanced mixer , in which the 
LO and RF/IF ports are isolated, is 
the best choice. Single-balanced 
mixers generate just one-half the in- 
termodulation (IM) products of an 
unbalanced mixer and reduce the 
signal level of the LO at the RF port, 
an important factor for a 492 when 
operated without a preselector. 

A stripline 3 dB quadrature 
coupler cascaded with a 90 degree 
phase shifter is chosen as "nearly 
optimum" for the first converter. 
This configuration provides 
broadband microwave perform- 
ance in a converter package that is 
easy to build, reliable, and rea- 
sonably priced. The diagram in fig- 
ure 1 shows the concept of this 
four-port network. 

A port-to-port analysis of the cas- 
caded distributed circuits in figure 
1 reveals that a voltage applied to 
port 1 produces equal voltages (re- 
duced by a factor of 0.707) at ports 3 
and 4, with a 180 degree phase dif- 
ference. Equal in-phase voltages 
applied at ports 3 and 4 will add at 
port 2 and cancel at port 1 . 



Experience from lower- 
frequency, lumped-element designs 
indicates that the junction of two 
Schottky diodes makes an ideal RF 
port, with the LO applied to port 1 - 
Since the impedances of the coupler 
and phase shifter affect the input 
match at the RF port, the distri- 
buted network is designed to oper- 
ate from 2 to 21 GHz instead ofjust 
the 2 to 6.3 GHz range of the first 
LO. 

Port 2 is selected as the IF port 
because IM products generated in 
the diodes are summed in-phase at 
this port and do not have to be fil- 
tered out at the RF port . Since the 
RF and IF ports are not isolated, a 
directional filter selects the 2.072 
GHz IF. A diplexer selects the 829 
MHz IF (see figure 2). These filter- 
ing structures are used because they 
provide a broadband match to the 
non-isolated RF and IF ports. 

Due to the reflected resistance of 
the balanced feed (50 ohms at ports 
3 and 4), the usual mixer conversion 
loss is increased by about 3 dB, be- 
cause half of the RF power is lost in 
the resistive loads that appear in 
series with the Schottky diodes. 
Another 3 dB is lost in the power 
split between RF and IF ports since 
converted power is removed from 
only one port. 




Figure l.A stripline quadrature coupler cascaded with a 90-degree phase shifter provides 
broadband microwave performance in a converter package that is easy to build, reliable, and 
reasonably priced. 
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Additional 492 Specifications 




LO 

Port 



Figure 2. Simplified block diag ram showing first converter inputs and output, and selection of the 
829 MHz and 2.072 GHz IFs 



Thus, the first converter has an 
intrinsic loss of about 12 dB com- 
pared to the usual 6 dB. However, a 
very-flat (±1 dB typical) fundamen- 
tal is achieved. 

Low capacity (0. 1 pF) and low- 
inductance (0.1 nH) beam-lead 
Schottky diodes are used as 
switching devices in the first con- 
verter to achieve wide-band per- 
formance to 21 GHz. The Schottky 
diodes are mounted on a quartz 
thin-film suspended substrate. The 
substrate is mounted directly into 
the stripline feed- structure of the 
converter (see figure 3.) 



The mixer housing need not be 
opened to replace the Schottky di- 
odes; only a small, easily removable 
"dual diode assembly" is involved. 
This simplifies field replacement of 
diodes exposed to excessive input 
power. 



Reference Level Steps — 10dB, 1 dB, and 

0.25 dB for relative level (A) measurements in 
log mode. 1 -2-5 sequence and 1 dB equivalent 
increments in LINmode. 

Reference Level Accuracy — Amplitude 
change of 0.25 dB ±0.05, 1 dB ±0.2 dB, 10 dB 
±0.5 dB; to a maximum of ±1 .4 dB for 60 dB 
and ±2 dB for 90 dB reference level change 
when gain change and attenuation do not offset 
each other. 

Display Dynamic Range — 80 dB @ iodB/div, 
16dB @2 dB/div and 8 divisions linear. 

Display Amplitude Accuracy — ±1 dB/10dB 
to maximum of ±2 dB/80 dB; ±0.4 dB/2 dB to 
maximum of ±1 dB/16 dB; ±5% of full screen in 
LIN mode. - 

Resolution Bandwidth Gain Variation — ±0.5 dB. 

•Flatness and accuracy specifications do not apply to the 30, 40, 50, and 
60 dBrfattenuator positions between igand 20 GHz. 




Input Frequency (GHz) 

Sensitivity showing average noise level for a preselected 
492 (Option 01). 




Cumulative maximum absolute amplitude measurement error as a 
function of amplitude and frequency fora preselected 492 (Optionor 



INPUT CHARACTERISTICS 

Internal Mixer — Type N female connector, 
VSWR 1.45 to 18 GHz, and 3.5 to 21 GHz; with 
10 dB or more attenuation. 

Optimum Level for Linear Operation — 

-30 dBm referenced to mixer. 

1 dB Compression Point 28 dBm from 1.7 

to 2 GHz for Option 01 ; otherwise -10 dBm. 

Maximum Safe Input Level — +i3dBm with- 
out Option 01. +30 dBm (1 W) with Option 01, 
zero rf attenuation. 

Attenuator Power Limit — +30 dBm (1 W) 

continuous, 75 W peak for 1 ^sor less pulse 
width and 0.001 maximum duty factor. 

PHYSICAL 

Environmental Characteristics — Per MIL-T- 
28800B type III, class 3, style C. 

Configuration — Portable, 20 kg (44 lb) (all 
options), 12 x 32.7 x 49.9 cm (6.9 x 12.9 x 19.7 
in) without handle or cover. 




Figure 3. The first converter with the easily- replaceable input-diode assembly. 
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A Switching Power 
Supply for the 492 
Portable Spectrum 
Analyzer 




David Leatherwoooiomea Tektronix in 1976 
bringing with him experience in miniaturized 
and militarized power supplies. He has been in 
power conversion since he received his 
B.S.E.E . 7 . from University of Houston in 1974. 
He is currently a project engineer with the 
Power Supply Design Group. A native of Texas, 
David and his wife and three children live in 
Portland, Oregon. A member of the Sierra Club, 
he collects wine and repairs TVs (for neigh- 
bors and acquaintances who discover his 
occupation.) 



Until recently the weight and power 
consumption of conventional 
supplies have made the high- 
performance portable analyzer a 
rarity. Therefore, the power-supply 
design group for the 492 needed to 
develop a compact, high-efficiency 
supply. One that was compatible 
with the noise-sensitive circuitry of 
the proposed analyzer. 

The 492 Spectrum Analyzer's 
high accuracy called for extensive 
use of power-consuming linear cir- 
cuits. The portability objective 
placed stringent limits on weight 
and size. The instrument would also 
have to meet the requirements of 
MIL-T-28800 general specifications, 



as well as the specifications for elec- 
tromagnetic interference of MIL- 
STD-462. High performance and re- 
liability were major design criteria. 
And UL and IEC safety require- 
ments were additional design goals. 
Added to the challenge was the 
noise-sensitive nature of spectrum 
analyzer circuits. 

A pulse-width modulated supply 

A pulse- width modulated (PWM) 
circuit topology offered the way to 
greatly reduce weight and increase 
the efficiency of the 492 power 
supply. 




Figure 1 . The plug-in power supply is easily replaced. 
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The pulse-width modulator is a 
high-frequency, power-switching 
circuit. Output voltage is controlled 
by varying the duty cycle. 

However, this approach required 
additional normal-mode and 
common-mode line filters that 
were low in radiating or receiving 
stray fields. 

Design highlights 

Fast recovery diodes with 
resistive/capacitive units (snub- 
bers), which damp energy during 
diode turn-off, are used as the main 
line rectifiers. Bleeder resistors 
connected to the primary supply 
rectifiers eliminated the weight of a 
separate "housekeeping" supply for 
control logic. 

The relatively-high switching 
frequency of 33 kHz used in the 
convertor simplifies filtering and 
improves regulator transient re- 
sponse. The output-sense feedback 
to the primary control circuits is 
quick acting, using a digital signal 
coupled via a high-speed opto- 
isolator (typical data-rate capabil- 
ity of 10 megabits per second.) Such 
speeds are necessary because prop- 
agation delay contributes to in- 
adequate phase margin and poor 
loop stability. 



The heart of the power supply is 
the main silicon switching transis- 
tors that convert dc voltage from 
the line-filter capacitors to ac 
square-wave power at the trans- 
former primary. The transistors 
were selected for short storage time 
and isolated cases. Short storage 
time allows switching at the 33 kHz 
rate without damage and noise- 
generating cross conduction, while 
the isolated case prevents electro- 
static coupling of collector- 
switching signals to chassis ground. 

A PWM supply requires an av- 
eraging inductive filter on each of 
the nine outputs to dc average the 
switching waveform. Lumping nine 
secondary inductors in a single 
primary-tank choke reduced the 
space required for the required fil- 
tering in the 492 supply. 

In a PWM power-supply tank cir- 
cuit the peak-to-peak primary volt- 
age can be regulated to any value 
up to the dc input voltage supplied 
to the switching transistors by sim- 
ply varying the input pulse width. 
The switching waveform's funda- 
mental component is passed 
through a series-resonant tank to 
the power transformer with little 
loss and the harmonic content is 
rejected by the reactance of the 
inductor. 



When the duty cycle is reduced 
by increasing transistor hold-off 
time in response to load or line 
variations, the fundamental com- 
ponent decreases, causing a reduc- 
tion in primary voltage. The filter- 
ing effect of the series L-C transforms 
an approximately 400 volt pulsat- 
ing voltage into a symmetrical 
square-wave voltage and a 
sinewave current. With square- 
wave voltage and sinewave current 
in the secondary, output diodes 
switch at the zero crossing of cur- 
rent. This greatly reduces switching 
losses and electromagnetic interfer- 
ence (EMI) generation caused by 
diode "snap." 

The many supply voltages re- 
quired by the 492 are provided by 
three secondary windings on the 33 
kHz power transformer. Thesepr^- 
regulated voltages are used for 
on-site three-terminal regulators 
and for non-critical loads such as 
heaters, solenoids, and graticule 
illumination. 

Circuits requiring tightly regu- 
lated voltages, (typically less than 
0.5% over full line and load 
variations), are supplied by four 
linear series-pass regulators. These 
regulators, are fed by the preregu- 
lated voltages to greatly increase 
operating efficiency. 

Most 492 circuits plug into a 
main mother board. Rather than 
have power distributed in a random 
manner to the various elements, a 
central power area was established 
on the mother board. The regulated 
outputs are remotely sensed in this 
area and radially distributed to the 
plug-in module circuits. In this way, 
circuit-run losses are compensated 
and circuit interaction is 
minimized. 

The entire switching power sup- 
ply can be easily replaced for field 
repair or operated on an extender 
for ease in servicing. - - 
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New Products 



Data Analyzer Combines State, 
Timing, Serial, and Signature 
Analysis. 





308 Data Analyzer 

The 308 Data Analyzer is a 
keyboard controlled multi- 
functional, portable data analyzer. 

It can be operated as a parallel 
timing analyzer, a parallel state 
analyzer, a serial state analyzer, or a 
signature analyzer. 

The parallel timing analyzer 
provides 8 channels at 20 MHz with 
252 bits/channel memory size. The 
8 channel parallel word recognizer 
provides internal triggering upon 
recognition of preset digital-system 
state; this capability is expandable 
to 24 channels with the optional 
P6406 Word Recognizer Probe. 
Digital delay counts up to 65,535 
clocks; data can be stored at sample 
intervals of 50 ns to 200 ms. 

Parallel state analyzer functions 
are similar to the parallel timing 
analyzer functions except that dis- 
plays are in binary, octal, and 
hexadecimal format. 

The serial state analyzer acquires 
5, 6, 7, or 8 bits/character data syn- 
chronously or asynchronously. 
Two-character word recognition 
provides internal triggering upon 
recognition of present digital sys- 
tem state. Digital delay counts up to 
65,535 words; data can be stored at 
baud rates of 50 baud to 9600 baud. 
The stored data is displayed on the 
crt screen in binary, hex, and ASCII 
format. 



New State-Of-The-Art in Audio 
Signal Purity 




SG 505 Oscillator 

The SG 505 establishes a new 
state-of-the-art in signal purity 
(0.0008% THD). This top-of-the-line 
sinewave oscillator, addresses 
the needs of professional audio 
measurement. The SG 505 is 
another in the growing line of TM 
500 Modular Test and Measurement 
products. 

FEATURES 

Frequency Range: 10 Hz to 100 kHz 
Harmonic Distortion: ^0.0008% 
THD (typically 0.0003%) 

Calibrated Output: Yes 

Step Attenuators Range: +10 to 

-60 dBM ±0.1 db. 

Level Flatness (audio range): 

±0.1 dB. 

Maximum Output Voltage: 6 V rms. 
Sync. Output: 200 mV rms 
sinewave. 

Intermodulation Test Signal: 

Option 01. 



High Level Language Support for 
Motorola 6800 And 6802 




8002A Microprocessor Lab 
6800 Modular Development 
Language 

The 6800 Modular Development 
Language (MDL/6800) is an option 
for the 8002 A Microprocessor Lab. 
This option broadens the high-level 
language support offered by Tek- 
tronix for the Motorola 6800 and 
6802. The total MDL/V offering now 
includes the 8080A, 8085A, the 
8080A subset of the Z80A, 6800, 
and 6802. 

MDL/6800 is a modified form of 
ANSI minimal BASIC. It supports 
modular programming and the use 
of specific 6800/6802 features and 
8002A I/O resources. This allows 
program development to be divided 
among several engineers working in 
parallel. Software can then be 
developed in modular components 
and compiled separately. Sub- 
routines and data defined in one 
module may be referenced by 
another. The 6800/6802 I/O and 
interrupt structures as well as 
8002A peripherals and file I/O can 
be accessed with MDL/6800 con- 
structs. The language provides data 
handling capabilities for integers, 
strings, and arrays of these types. 
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Portable Analyzer Speeds Test and 
Service of Microprocessor-Based 
System 

The Sony/ Tektronix 308 Data Analyzer com- 
bines parallel timing analysis, parallel state 
analysis, serial state analysis, and signature 
analysis in a single, compact, lightweight instru- 
ment that is cutting dollars and hours from digital 
lest and service functions. 



An Automatic Video Signal Parameter 
Measuring Instrument with Logging 
Capabilities 

Monitoring and logging television transmitter per- 
formance is a tedious, time consuming job. Nowit 
can all bo done, automatically and unattended, 
by the Tektronix I960 ANSWER, This 
microprocessor-based instrument digitizes the 
video signal and uses unique signal -processing 
techniques to make measurements more quickly 
and accurately than is possible by conventional 
means, 




Tekscope is a bimonthly publication of Tek- 
i'onix, Inc. In it you will find articles covering the 
entire scope of Tektronix' products. Technical 
articles discuss what's new In circuit and com- 
ponent design, measurement capability, and 
measurement technique. A new products sec- 
tion gives a brief description of products re- 
cently introduced and provides an opportunity 
to request further Information. 




Developing a Practical Automatic 
Television Parameter Measuring and 
Logging System 

Digitizing the broadcast video signal with suffi- 
cient accuracy io allow measurements lo broad- 
cast standards provided some interesting chal- 
lenges High speed A/D and Dr A conveners 
developed in-house are coupled with precision 
offset and dither signals to provide resolution and 
accuracies equivalent to 1 1-bit digitization. 




Cover : The four displays in this photo show only 
the basic capability of the Sony/ Tektronix 3Q8 
Data Analyzer, This small, lightweight instrument 
packs more measurement power than you could 
normally carry using both hands 



New Products 

A host of new products including digital scapes, a 
digital television test signal generator, a state-of- 
the-art distortion analyzer, and a programmable 
oscilloscope calibrator appty the power of the 
microprocessor to meet your test and measure- 
ment needs for today, and tomorrow 



Tektronix Is an equal opportunity employer, 
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Portable Data Analyzer 
Speeds Test and Service 
of Microprocessor-Based 
Systems 




Ed Aventt joined kfktronfx three years ago after 
competing fits &SEE and a year of post* 
graduate studies at the University ot Nebraska 
Ht$ work on the 308 included evaluation ot doth 
etetctncal and firmware design, which entailed 
spending three months m Japan He is wntmg 
the thesis tor hts MSEE, end is mudymg to mb 
prevents Japanese Ed enjoys camping, hiking, 
and outdoor photography He processes both 
color and block and white m his own darkroom 



New microprocessor-based products are 
announced almost daily. Hundreds more 
are in the design stage. The circuit com* 
plexity and diversity of signals present 
in these products complicate their man* 
u fact tire and maintainability. It is im- 
perative, therefore , to have an effective, 
efficient means of testing and servicing 
such products. 

Figure I depicts a typical micro- 
processor-based system. Three major 
categories of signal are present: input 
and output signals in serial logic, ad- 
dress and data bus signals in parallel 
logic, and timing and control signals 
such as CLOCK, READ , WRITE, RESET, 
etc. 

To lest such a system effectively, each 
type of signal must be monitored in an 
optimum manner and analyzed differ- 
ently. For example, the relationship of 
the clock and control signals is best 
analyzed using a parallel timing display. 
Bus transactions are usually observed 
using parallel state analysis, and serial 
data through the communications port 



using serial slate analysis. Signature 
analysis compresses sequential data 
into a tour character alphanumeric code 
for quick GO/NO GO information. 
Modes that can be observed as clocked 
data can be tested using signature 
analysis. 

Usually several different instruments 
would be needed to acquire and display 
the varied signals in the desired format. 
Now, all of these capabilities — parallel 
liming, parallel state, serial state, and 
signature analysis — are combined in 
one lightweight, portable instrument, 
the Sony/Tektronix 308 Data Analyzer, 

The operation of the 308 is controlled 
from a front-panel keyboard, which 
greatly simplifies mode and parameter 
selection Within the four basic opera- 
ting modes, there are several sub- 
functions available. For example, in the 
parallel timing mode you can select the 
menu liming display, timing cursor dis- 
play, or timing window display. In the 
parallel and serial slate modes there is a 
choice of four displays: menu, cursor, 




John Hubm started his electronics career tn the 
United Stales Navy as a Fire Control technician 
Since joining fe* m 1973, he has performed 
diverse functions from Quality control of targe- 
screen storage display monitors to on-site sery 
ice of complex semiconductor test systems 
Currently he m an applications engineer for 
Logic AnatytOf Marketing John is completing 
work on hts BSEE 0 the University of Portland 
For recreation he enjoys racquet bak golf and 
woodworking 
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Fig, 1, Typical micro processor- based system requires varied data acquisition techniques for 
thorough analysis of its activities 
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search, and compare. In the signature 
mode you can select cither hold or repeat 
modes. In addition, there are several 
diagnostic displays available for self- 
checking the 308 s operation. 

A menu displayed in the up pet portion 
of the screen lists the operating mode 
selected and the operating parameters 
to be set from the keyboard. The data 
entry formal selected (hexadecimal, oc- 
tah binary, or decimal), sample or latch 
mode, pre or post- trigger display, trigger 
word, source, and delay, and other perti- 
nent parameters are included in the 
menu. It serves to direct the operator in 
setting up the 308 and lets one know, at 
all times, the current setup. 

Acquiring data 

Data and trigger inputs arc located at 
the side ol the 308 to keep I he front panel 
clear for operating ease. An eight chan- 
nel data probe provides inputs for ac- 
quiring parallel data at rates up to 20 
MH/. Serial data and signature inputs 
are via a single, high-impedance probe. 
Serial word lengths of 5, 6, 7 or 8 bits can 
be selected and data acquired at rates 
from 50 to 9600 baud. 



Acquired data is stored in an 8 \ 252 
bit Data Memory. Stored data can then 
be copied into a Reference Memory and 
be available fora Compare function. 
However, only the contents of Data 
Memory can be displayed. In the Com- 
pare mode, differences in the two 
memories are highlighted by display in 
inverse video. It the two memories 
match, the 308 can automatically re- 
start data acquisition and continue until 
a difference in data is detected. The re- 
start feature allows an automatic search 
for an intermittent problem. A count of 
the number of times the memories 
match is displayed at the bottom of the 
screen. 

Trigger versatility 

Quick, easy selection of a variety of trig- 
ger modes is in keeping with the other 
attributes of the 308 The trigger word is 
defined from the keyboard and can be 
programmed ir hexadecimal or other of 
the data entry modes. Eight inputs to the 
trigger are provided by the Data Acqui- 
sition probe. These can be augmented by 
an optional 16-bit Word Recognizer 
probe. An external trigger qualifier 



input adds a bit fora total trigger word 
length of 25 bits. A word recognizer 
trigger output is provided for trigger- 
ing an oscilloscope or other external 
equipment. 

When triggering internally from the 
serial probe input, the menu calls for 
defining two consecutive data bytes as 
the trigger word (figure 3). External 
triggering can be accomplished bv a 
single bit via channel 0 of the Data Ac- 
quisition probe, A programmable trigger 
delay of up to 65,535 counts or words is 
available in parallel and serial operating 
modes. Data displays can be either pre 
or post delayed trigger. In the pre mode 
the delayed trigger is posit ioned at the 
240th position in the 252 byte data 
memory; in the post mode it is posi- 
tioned at the 13th position. Data acquisi- 
tion can be stopped manually at any 
time by pressing a STOP key. The last 
239 bytes acquired are then displayed* 

Data display 

Once the data is acquired and stored, it 
can be displayed in one of several for- 
mats. In the parallel timing format up to 
168 eight- bit words can be viewed simul- 
taneously. A window mode provides a 
magnifying effect for close analysis of 
timing relationships, by displaying only 
84 or 42 words. The window can be posi- 
tioned anywhere in the 252-byte mem- 
ory by the horizontal position control. 

For parallel state display, data is con- 
veniently displayed in three formats 
simultaneously — hexadecimal, octal, 
and binary. The same applies to serial 
state displays except that octal is re- 
placed by ASCII. Up to twelve lines of 
data are displayed at one time. The ver- 
tical position control allows the 
operator to step forward and backward 
through memory. 

In addition to the usual menu display 
modes, several special displays are 
available. These include cursor modes, 
window', compare, search and extended 
serial displays. Each display meets a 
specific need, enabling the operator to 
view the desired data in an optimum 
manner. 

In signature analysis mode, the 16-bit 
words are converted to a four-character 
alphanumeric signature and displayed 
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Fig, 3, Some of the many displays available on 
the 308, Changing from one display to another Is 
accomplished by one or two keystrokes. 



in one of twu formats. In the hold mode* 
a signature is acquired and displayed 
each time the HOLD/RESET key is 
pressed. Up to eight signatures can be 
displayed at one time* with a < symbol 
indicating a change in signature. 

In the repeat mode, signatures are re- 
peatedly acquired. If a change in signa- 
ture is detected, a FAULT sign is flashed 
momentarily and the new signature is 
displayed. This is a very useful mode for 
isolating intermittent malfunctions. 

Acquisition and display synergism 

One of the many unique functions in the 
308 allows data acquired in one mode to 
be displayed in another. For example, 
when using parallel acquisition* the dis- 
play can be done with serial displays 
that will analyze parity and decode 
ASCII. 

When using serial acquisition, the 
parallel displays can be used to show 
octal information, and the parallel lim- 
ing displays can show a summary of 
trends over long sequences of data. An 



example of the latter would be analysis 
of the parity bit. The activity of bit 7 can 
be shown along one line in the liming 
display with up to 168 bytes in the dis- 
play at one Lime. 

In performing signature analysis, cor- 
rect information depends on bolh the 
gate formation signals and the data they 
frame for the signature, A faulty signa- 
ture can be caused by a faulty signal on 
any of the 1 ines — STA RT, STOP, CLOCK , 
or DATA, The clock-sampled START and 
STOP I ines can be observed using paral- 
lel display modes, without changing any 
probe connections (just press the ap- 
propriate keys), Parallel modes are use- 
ful in identifying a stuck START line, an 
unstable START/ STOP line, etc, By ap- 
plying one of the parallel data input 
probes to the signature analyzer data 
point, Lhe data pattern can be observed 
relative to the gating information. 

As the serial and signature data 
memories arc identical, a comparison 
can be made between data acquired in 
each mod e . Th u s , a re f e r e n c e m emu ry 



can be obtained from a data bus, and 
compared to lest points on the other side 
of a LJSART (communications interface) 
and its line drivers, 

A microprocessor-based system 

The versatile acquisition and display 
capability of the 308 is accomplished 
through use of a microprocessor con trol- 
ly r* Some features are lhe result of 
firmware residing in ROM, while others 
are highly dependen t on groups of 
hardware components. The simplified 
block diagram in figure 4 shows some of 
lhe details, The key factor in determin- 
ing which features require additional 
hardware is the speed with which each 
function must he performed. This differs 
for each of lhe subinstruments. 

The powerful displays, and their abil- 
ity to help the user understand the data, 
are the result of firmware, Over 18,000 
bytes of program are used. The basic in- 
strument control is designed as a state 
machine, with transactions between 
states controlled by keystrokes. Each 
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Fig. 4. Simplified block diagram of the 308, The data pains for the three subinstruments start at the 
probes, pass through separate high-speed circuits, than merge at the microprocessor controller 
for processing and display. 
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Fig, 5, Easy access to circuitry even with the 308 powered up facilitates calibration and servicing, 
sc v e ra 1 s t gnak a re goi n g to b e u s ed to 



state has its unique display form, Within 
each display state, fields of the display 
can h e co n t ro 1 1 e d wit h d i l i e re n t key - 
strokes. For example, positioning of the 
cursor or window. The three acquisition 
systems can be invoked from any of their 
associated display states simply by 
pressing the START key. 

The parallel logic Functions are re- 
quired to work at speeds up to 20 MHz. 
Thus, all of the decisions needed to store 
a full acquisition have to be made at 
hardware speeds; decisions like do I 
have a trigger, have I delayed to the de- 
layed trigger point, was the acquisition 
terminated with a full data memory, etc. 

An interesting part of the parallel ac- 
quisition circuitry is data latching. In 
SAMPLE mode, data is accepted by 
norma) setup and hold rules. In the latch 
mode, however, each sample period re- 
tro t "d s any chan ge fro m the pi w i o u s 
sample period's recorded value without 
regard to when the change occurred. 

Th is is important when trying to observe 
changes in data that arc not occurring 
near clock edges, Examples are glitches 
in the middle of sample intervals and 
other nonsynchronous activity, such as 
observing patterns with periods much 
longer than could be recorded syn- 
chronously. 

In the serial data acquisition system, 
data speeds are much slower. The hard- 
ware is used to interpret the hi i-to-by te 
transformation protocol. After that, the 
bytes of informat ion are completely 
handled by firmware. The firmware de- 
termines if a trigger has been received, 
counts the delay to the delay trigger, 
senses protocol errors, reorients the ac- 
quired data into the main data memory, 
etc. Finally, the displays are formed by 
the firmware in a way similar to those of 
the parallel logic analyzer. 

In the signature analyzer, the data 
input rates are, again, 20 MHz. Thus, the 
signature gate formation and data man- 
ipulation must be done with hardware 
up to the point where a signature is 
formed . Signa lures a re t he n moved into 
the microprocessor control system 
where they are processed for fault in- 
formation and displayed. 

The input circuitry is chosen to make a 
few probes serve many purposes . Where 



gel her, a multiple input probe is used. 
Where changing from one lest point to 
another is important, a single input 
probe is used. 

The data paths for the three sub- 
instruments start at the probes, pass 
through separate high-speed acquisition 
c i rcu i t s , a n d t h en m e rge at the m ic ro - 
processor controller for processing and 
display* Note the parallel acquisition 
circuit contains delay counters, and a 
word recognizer. The serial acquisition 
has the same functions, but they do not 
appear in circuitry. Instead, the micro- 
p races s o r con l ro 1 1 e r pc r for m s t h e s c r i a I 
word recognition and delay counting 
functions, 

Self-test diagnostics 

In many instances, valuable time is lost 
trying to fix defective equipment with a 
test instrument which is, itself, faulty A 
set of diagnostic routines resident in the 
308 precludes the probability of this 
happening loa 308 user. 

A self- test procedure is invoked each 
t i me t h c i n s t ru men t i s p o w e t cd u p . T h e 
display informs the operator that a self- 
test is in progress and then indicates OK 



if no errors are formed. If an error is 
detected, a code denoting the type of 
error detected is displayed* A series of six 
user-initiated diagnostics can then be 
called up to help in locating the source of 
the problem. A seventh routine designed 
specifically for the service technician is 
also resident. 

The 308 is mechanically designed for 
easy access to components, and can be 
operated and fully calibrated while 
s p re ad o pe n ( fi gu re 5 ) . Mo d u 1 a ri t y a n d 
the use of ribbon cable connections 
allow quick, easy replacement of sub- 
assem b I i es or eo m p o ne n l pa r t s , 

Summary 

Th e task of test! n g a n d se r v icing the 
m y r i a d o f m i c ro p roc es so r- b a sed p r o d - 
ucts entering the marketplace is of in- 
creasing importance* The Sony/ 
Tektronix 308 Data Analyzer combines 
in one compact, lightweight instrument 
the data acquisition and display 
capabilities needed to effectively lest 
and service such products. 
Microprocessor- based, itself, the 308 
p ro v i de s a 1 ow -cos t , yet v e rs a I i I e so I u - 
lion to many of today's digital instru- 
ment problems. 
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An Automatic Video 
Signal Parameter 
Measuring Instrument 
with Logging Capabilities 



The 'vital signs" of every television 
broadcasting system must be monitored 
and logged at frequent intervals. It ts 
required by government regulations to 
ensure that equipment is set up and op- 
erating properly. Of equal importance, is 
the opportunity such monitoring affords 
for early detection of subtle changes in 
the transmission system which, if uncor- 
rected, could eventually result in major 
failure. 

The 1980 Automated Video Signal 
Measure men i Set is a microprocessor- 
controlled digital instrument capable of 
making and recording, automatically, 
the majority of common video mea- 
surements It has been designed to al- 
leviate most of the problems associated 
with video measurement. 

The standard video signal contains 
vertical synchronizing pulses, horizon- 
tal synchronizing pulses, and active pic- 
ture elements. The time between syn- 
chronizing pulses, the shapes and 
rise times of the pulses, and the peak- to- 
peak amplitude of the signal are rela- 
tively easy to measure while actual 
broadcasts are in progress, The problem 
is that there are many additional factors 



affecting picture quality that require 
special test signals to measure. These 
parameters include frequency response, 
delay of the chrominance with respect to 
the luminance, differential gain, differ- 
ential phase, etc. Because these parame- 
ters affect the quality of the broadcast 
picture so dramatically, it is important 
that they be measured during the course 
of actual broadcasting, especially when 
it ts considered that the broadcasting 
day may now be up to twenty-four hours 
long. In fact, the FCC requires that many 
of these parameters be measured during 
actual broadcasting. 

Special test signals help 

There are obvious disadvantages to 
broadcasting test signals, such as color 
bars, at frequent intervals during the 
day while long sequences of measure- 
ments are made. Therefore, there are 
special signals that are inserted in the 
video signal during the vertical interval, 
the time when the beam of a television 
receiver is 'blanked" as it returns from 
the bottom of the picture tube to the top. 
These are called vertical interval test 
signals, or VI PS. The vertical interval 




1, The Tektronix 1980 ANSWER Automatic Video Measurement Set with companion hard copy 
unit Measurements are made and results logged automatically lo provide proof-of-performance with 
unparalleled ease and accuracy 



7 





Fig* 2. A front-panel keylock switch controls what happens when power is applied to the 1 980, In one 
position* the 1980 wilt start itself, run a set of diagnostic programs, and enter its normal monitoring 
mode. Other positions allow programming the instrument and changing configuration parameters. 



occurs sixty limes a second and lasts for 
approximately L3 milliseconds, or 
about the same time as 21 scan lines ol 
regular picture. This interval may also 
contain the VIR signal (Vertical Interval 
Reference) which can be used for auto- 
matic correction of certain signal pa- 
rameters, as well as information such as 
the origin of the program material, the 
time or day* and captioning for the deaf. 
The VIT signals allow accurate determi- 
nation of how the signal has been a f- 
fee ted as it passed through distribution 
amplifiers* telephone lines* microwave 
links, switchers, and the transmitten 
Generally, measurement of VIT signals is 
made using two special types of oscillo- 
scope: a waveform monitor, and a 
vectorscope. 

Signal measurement using these two 
special instruments involves certain dif- 
ficulties, however'. Accuracy and re- 
p ea t a bi I ity of th e se m eas u rc m on ts a re 
limited by factors such as operator in- 
terpretation and the presence of noise on 
the signal. It is difficult to record the 
results, as this requires photographing 
the signal and recording the settings of 
l he measuring equipment. Instrument 
controls must be changed several times 
during the course of a set of measure- 
ments and highly trained personnel 
must make the measurements. 

In contrast, the 1980 automatic video 
measurement set makes a complete set 
of standard operating video measure- 
ments in just a few minutes. Results of 
these measurements arc printed on a 
terminal or printer that may be located 
many miles from the site of the mea- 
surement taking. Because the measure- 
ment results are simply printed num- 
bers, there is no operator interpretation 
of waveforms, and because the 1980 is 
almost all digital, the results are accu- 
rate and repeatable* Since the results of 
the measurements can he logged on a 
printer, there is no need to record the 
measurements, or waveforms, with a 
camera. Best oi all , the 1980 can he run 
totally unattended so there is no need for 
a skilled operator to spend many hours 
at a repetitive task. 



These features make the 1980 ideally 
suited for use as an off-air transmitter 
monitoring device. When combined 
with l he Tektronix 1450 precision de- 
modulator, the 1980 can be used to 
monitor both the oul pul of the transmit- 
ter anti the video signal arriving at l he 
transmitter via the STL (studio trans- 
mi iter link), Two video inputs, automat- 
ically switchable, ar c provided. The 1980 
can be set up lo make its measurements 
continually and only report the results 
when a set of limits are exceeded, or at 
fixed times of day. or both. In a typical 
transmitter application, the 1980 would 
he set up Lo report on tire broadcast sig- 
nal every three hours, continuously 
monitor both the incoming and outgoing 
v i d eo , a n d g en e r a t e a n ala r m s i gn a 1 
when either of these exceeded predeter- 
mined limits, 



The limits are set up for each video 
source that the 1980 is monitoring, and 
there are two pairs of limits associated 
with each measurement parameter. The 
first pair, the broader of the two, are 
called alarm limits and are usually set so 
that they correspond lo what is legally 
prescribed, The other pair* tighter in 
their tolerance, are called caution limits 
and signify that the signal is not of the 
quality that h should be although it is 
still within legal limits. Usually the i960 
would he set up so that it would print a 
measurement report when the inner or 
caution limits are exceeded, and to gen- 
erate an alarm signal at the studio when 
the outer, or alarm, limits were ex- 
ceeded. The 1980 can be set up to monitor 
and compare a full set of measurements 
against these limits, or make partial sets 
o f m ea s u re m e n t s : lb r i n s t a n ce , t o 
monitor the blanking intervals (the 
t iming of the signal)- 



Microprocessor-based versatility 

The great versatility of the 1980 is 
achieved by digitizing the video signal 
and using a microprocessor u> measure 
it The 1980 is programmed in TEK AN- 
SWER BASIC* a programming language 
very similar to TEK SPS BASIC. TEK 
ANSWER BASIC has a set of measure- 
ment commands added to it that reduces 
the complexity of programming video 
measurements* There are special com- 
mands to digitize the video signal and 
store the values in a waveform array A 
waveform array is a collection of eight- 
bit numbers (ranging from 0 to 255) that 
c a n b e i n t e rpo I a i ed by a p rog ra m t o fi n d 
ihc original peak amplitude* phase, and 
other characteristics of a digitized sig- 
nal* Measurement commands do things 
such as find the amplitude of a sine wave 
with a single BASIC statement Many of 
the measurement commands are specif- 
ically designed around video measure- 
ments. 

This programmed adaptability makes 
the 1980 suitable for use in almost any 
transmitter monitoring application. The 
VIT signals do not have to be in any spe- 
cific location within the vertical inter- 
val. nor do all of the ECC and Network 
Transmission Committee Report 7 VIT 
signals have to be present The 1980 will 
scan the entire vertical interval and lo- 
cate the VIT signals that are there, then 
make the appropriate measurements Jot 
each of the signals it finds, including l he 
VI R signal. 

The remoteness of many transmitters 
from the studio makes it very desirable 
to be able to make video measurements 
from a distance* Sending the signal hack 
to the studio for measurement may in- 
troduce distortions in the signal that are 
not present at the transmitter. In some 
coses* off-air reception of the broadcast 
signal at the studio is not possible, espe- 
cially when one studio is broadcasting 
on several transmitters. The 1980 soh'es 
these problems by providing the capa- 
bility of making the measurements at 
[he transmitter and sending the results 
back to the studio by telephone, The 1980 
has five RS-232-C interface ports that 
may be connected to modems to send 
measurement results in ASCII code, over 



a standard telephone line* to a terminal 
or printer located in the studio. An op- 
tional RS-366 interface will allow the 
1980 to dial the phone and call the ter- 
minal or printer at the studio to report 
problems at the transmitter. 

The key to assurance 

The 1980 has a keylock switch on the 
from panel that controls what happens 
when power is applied to the instru- 
ment. With the keylock switch in one 
position, the 1980 will start itself when 
power is applied, run a complete set of 
diagnostic programs, and enter its nor- 
mal monitoring mode of operation, 
Other post i ions of the switch allow pro- 
gramming the instrument and changing 
the configuration parameters — opera- 
tions that are infrequent. The 1980 con- 
tains a battery that keeps the real-time 
dock operating for about one month 
without external power* Another pre- 
serves information stored in the non- 
volatile memory* This is important be- 
cause the memory contains relatively 
constant information about the config- 
uration of a particular installation. It in- 
cludes things such as the number and 
type of terminals, the limits Files, the 
phone number of the studio, and possi- 
bly even small customer- written 
programs. 

The 1980 also has a feature called ATR 
(Automatic Timeout Reset) that takes 
control of the processor whenever six- 
teen minutes have gone by without the 
execution of a BASIC command. This is 
in case of a la i lure in the instrument, 
ATR restarts the instrument and runs a 
complete set of diagnostic routines be- 
fore re-entering the monitoring mode* 
The diagnostic programs in the 1980 run 
special test procedures to ensure that the 
instrument is operating correctly* The 
results of these diagnostics are printed 
on the master terminal* and in most 
cases it is possible to determine on 
which circuit board a failure has oc- 
curred, simply by looking at the diag- 
nostic printout on the terminal. 



Broadcasting requires service from an 
instrument up to twenty-four hours a 
day* 365 days a year*so the 1980 has been 
designed with a long mean-time- 
between-Failure (MTBF) and a short 
mean-ti me-to-repair (MTTRJ* Service- 
ability has been designed- m from the 
start with resident diagnostic programs 
that detect and isolate almost any Fault* 
The instrument has been designed so 
that all of the circuit boards may be 
slipped out of their guides through the 
front of the instrument and replaced in a 
few seconds. The I/O board and power 
supply are the only exceptions, They are 
removed from the rear because ol the 
cabling connections on them. All of the 
circuit hoards in the 1980 may be re- 
moved without removing the instru- 
ment from its rack* 

The 1980"s digital design* customer-set 
limits* versatility* phone line compati- 
bility, ATR* self-diagnosis, and other fea- 
tures have all been designed to make 
unmanned* remote, continuous trans- 
mitter monitoring a realistic* econom- 
ical possibility. 

Ac k no w led g e m ents 

Many people were involved in the devel- 
opment and completion ol the 1980. Phil 
Crosby, Project Manager, also did much 
of the design work on the high-speed A/D 
and D/A converters, John Lewis was the 
Hardware Manager* with Dale Jordan 
performing a similar function for 
software* Earl Matney made 
substantial contributions in designing 
the digital feedback and memory con- 
troller circuitry* Jim Prouty did the ap- 
plications software and Larry Morandi* 
the debug board* operating system, and 
diagnostics. 



9 




John Lewis received his B Sc(Eng ) from Lon- 
don University m England and upon graduation 
joined the British Broadcasting Corporation 
Most of his ten years with BBC were spent in the 
TV Measurement Section ol thetr Engineering 
Designs Department He emigrated to the U S . 
and joined Tektronix in 1976 John is married, has 
two young sons, and spends most ot his leisure 
time with his family and in focat church activities 
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Earl Matney started his electronics career m the 
United States Navy. Electronics training was tal- 
lowed by submarine school and nuclear power 
school Completing an extended tour of duty 
Earl brought his family to the Portland area )om 
tng Tek in 1 9 74 His o ft- work ho urs a re devote d to 
tBmffy activities, hunting, fishing and studying 



Developing a Practical 
Automatic Television 
Parameter Measuring and 
Logging System 



Auto malic measurement and logging of 
the television broadcast signal has been 
a long-sought-after goal. Prior to the in- 
troduction of large-scale integration and 
the m i C ro p i o CCS so r, ho wev e r F a t t e m p t s 
to automate 1 he measurement process 
encountered serious drawbacks: such 
systems had limited capability, required 
frequent calibration, occupied a lot ol 
space, and were very expensive. Now, 
with the availability of new compo- 
nents, the long-sought-after goal has be- 
come a reality in the new Tektronix 1980 
ANSWER Automatic Video Measure- 
ment Set, 

Typically, television signal measure- 
ments are made manually using analog 
instruments such as waveform 
monitors, vectorscopes, etc. The process 
requires highly skilled personnel and is 
time-consuming. Design goals for the 
1980 were to make these same measure- 
ments automatically, with greater speed 
and accuracy and at reasonable cost. 
Measurement results were to be logged 
automatically on site or remotely The 
instrument was to allow easy selection 
of individual tests, or series of tests, and 
provide for adding new tests. Reliability 
of course, was essential. 



Digitizing the signal 

The key to developing an automatic 
video test set lay in finding a suitable 
h i gh-s pee d a n a 1 og- 1 o-d i g i t a i converter 
(ADC) for digitizing the video signals. 
With the video signal digitized* a mb 
croprocessor could be used to make 
almost any measurement desired. 

Sampling theorem implies i hat if a 
bandlimited signal, such as broadcast 
video, is sampled at a frequency greater 
than twice the highest frequency com- 
ponent of the sampled signal, the origi- 
nal signal waveform can be accurately 
reconstructed by mathematical manip- 
ulation of the sampled values. 

Investigation revealed a sampling fre- 
quency of four times ihe color subcarrier 
(14.32 MHz for NTSC. 17,72 MHz for 
PAL) affords some very significant per- 
formance advantages for ihe particular 
measurements to be made. Reviewing 
the commercially available ADCs it be- 
came apparent that to achieve our per- 
formance and cost goals we would have 
to develop the ADC in-house. 

A simplified block diagram of the 
Tek-developed 8-bit, 20-MHz ADC is 
shown in figure 1 . The convener uses a 
two-stage parallel conversion technique 




Fig. L The B*bit, 20-MHz analog-to-digltal converter uses two-stage parallel conversion, substantially 
reducing ihe number of comparators required 
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which affords significant economies 
over the full parallel approach. For 
example , the number of comparators 
required is reduced from 255 to only 30. 
In iwo-slage parallel conversion, the 
first 4-bit ADC is biased so that it con- 
verts the four most significant bits. 

The output of the first ADC drives a 
very fast digital-to-analog converter 
(DAC), also Tek designed. The analog 
output of this DAC is subtracted from the 
input video signal, and the difference 
signal is applied lo the second 4-bii ADC 
to produce the four least significant bits 
(LSB). 

In conventional two- stage parallel 
ADCs, a sample-arjd-hold circuit usual I > 
precedes the conversion process to en- 
sure that the signal level does not change 
during the time between the t wo conver- 
sions, Because sample-and-hold cir- 
cuitry is not readily integrated onto an 
IC chip, an alternate approach was 
developed. The input analog signal is de- 
layed by 32 nanoseconds before being 
applied to the second 4-bit ADC, The 
strobe pulse is also delayed by precisely 
the same amount. As the ADC process 
occurs in each converter at the instant 
the strobe pulse is applied, both conver- 
ters convert at the same point on the 
input signal waveform. 

Development of both a 4-bh ADC and 
DAC as integrated circuits makes possi- 
ble the high-speed conversion needed 
and provides other benefits. Linearity is 
improved by integrating the tapped 
voltage divider into the IC device con- 
mining the comparators, and laser 
trimming each resistor to optimally bias 
each comparator. Having all 15 com- 
parators in a common thermal envi- 
ronment also improves the linearity of 
the conversion process over a range of 
temperatures. All of these factors result 
in an 8-bil, 20-MH/ analog-lo-digital 
converter with an accuracy of *0.25 
f SB 

Improving the resolution 

To take full advantage of the dynamic 
range and inherent accuracy of the ADC, 
three significant elements are added 
during input signal processing — 
dynamic offset , dynamic gain, and 
dither (see figure 2), 
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Fig. 2. SimpliCied block diagram of the 1980. Considerable signal processing is done to achieve 
maximum resolution and accuracy. Programmable memory controller provides great flexibility in 
selecting portion of video signal to be stored. 



Dynamic offset is applied by summing 
a precision offset waveform with the 
input video signal. The offset pattern is 
digitally generated by the microcompu- 
ter and stored in the digital feedback 
memory. The contents of the memory are 
read out in syehronism with the video 
input signal, *md applied to a precision 
(0.01% accuracy) DAC, The resultant 
analog output is then summed with the 
input video signal. 

The output of the summing amplifier 
is applied to a digitaliy-programmable. 
variable-gain amplifier This amplifier is 
controlled by the digital feedback mem- 
ory which has been loaded with the ap- 
propriate gain pattern by the micro- 
computer Figure 3 shows the effect of 
applying dynamic offset and gain to a 
linearity test signal. In this example, the 
resultant chroma portion of the input 




Fig, 3. Offset and variable gam applied to linear- 
ity test signal greatly enhances resolution and 
accuracy of measurement. 




video signal is amplified by about three 
times to lake full advantage of the 
dynamic range of the ADC- 

Finally, a dither signal that causes 
successive waveform repetitions to have 
a slightly different dc term is combined 
with the video signal. The proprietary 
digital dither generator used in the 1980 
provides a complex analog dither signal 
designed to improve both the accuracy 
and resolution of the quantization pro- 
cess, 

A simplified block diagram of the 
dither system is shown in figure 4. The 
input video signal is coupled Lo a sum- 
ming amplifier and to a clock generator 
which generates a clock pulse at the end 
of each repetition period of the input 
signal. The output of the clock generator, 
gated by an output of the feedback 
board, is connected to the input of a 5- bit 
counter. A reset pulse coupled to the 
reset input of the counter initializes the 
system. The counter outputs are coupled 
to the data inputs of a DAC whose output 
is then summed with the original input 
video signal. The resultant signal is then 
applied to the waveform digitizer. After 
32 repetitions of the video input signal 
(32 television lines), the counter is reset 
and the process is repeated, Sicpping the 
analog dither signal through 32 dc levels 
yields a resolution equivalent to that 
achieved if an 1 1-bit ADC were used. 

The controller regulates the flow of 
sampled data to the acquisition memory. 
It can be programmed to sample any line 
or group of lines (up to 32) in the televi- 
sion field or frame; it can sample the 
same line in 32 successive frames; or, it 
cart sample part of a line, skip several 
frames, and sample that pari of the same 
line again. The latter capability is useful, 
for example, in conducting bounce tesLs 
or transmission links. Sampled data is 
stored sequentially, eight bytes at a time, 
in shift registers and then transferred in 
parallel to the acquisition memory. The 
acquisition memory has the capacity to 
store up to 32 lines. 
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Fig, 4, Digital dither generator produces thirty-two precision levels which are summed with video input 
signal to enhance resolution and accuracy of digitizing process. 



For many measurements, the test sig- 
nal data is averaged over 32 successive 
frames (one line per frame) to reduce the 
masking effects of random noise. Averag- 
ing results in an apparent 15 dB en- 
hancement in the video signal -to- noise 
ratio, 

The microcomputer 

The microcomputer in the 1980 is de- 
signed a round Lhe TM5 9900 16-bit 
microprocessor, with extended addres- 
sing capability. Several memories reside 
in the microcomputer section. The oper- 
ating system occupies 44k words of 
ROM. an application memory has 40k of 
PROM, and there is 32k of RAM for the 
main memory. These are all 16- bit 
memories. In addition, there is 8k of 
non-volatile memory powered by 
stand-by batteries should power be in- 
terrupted. This non-volatile memory 
may be used La store the parameter limit 
files and other configura tion informa- 
tion usually entered from the keyboard, 
There are several docks used in the 
1980. The sync and clock generator 
associated with the input video signal 
basically controls the front-end circuitry 
— phase lock, digital feedback, etc. The 
real time dock (4- MHz) provides time- 
of-day, date, and automatic timeout re- 
set, A user can substitute an external 



1 MH* clock to lock the lime information 
to the station master clock if desired. 
The main clock controls the processor 
and associated computer circuits. 

User interaction wilh the 1980 is pro- 
vided by multiple RS-232 , CCITT V.24 
input/output ports, allowing connection 
to various types of terminals, printers, 
modems, "etc. An extended form of 
BASIC was developed to efficiently han- 
dle input/output communications and 
deal with the special requirements of 
processing the video signal , 

Designed for reliability 

The 1980 is designed for remote or unat- 
tended operation as well as operation 
where the intended use is to relieve en- 
gineering personnel from time- 
consuming, routine testing. In both ap- 
plications, reliability is of paramount 
importance. Accordingly, much effort 
was expended in both electrical and me- 
chanical design to ensure reliability. 

All critical semiconductors undergo a 
96-hour burn-in at 125 Q C before use in 
the 1980. In addition, the entire instru- 
mem undergoes several hours of burn-in 
at elevated temperatures to weed out in- 
fant mortalities. 
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New Products 



Digital Storage of Repetitive Signals to 
400 MHz 



To assure the operator that the 1980 is 
working properly, extensive self-check 
diagnostic routines are activated each 
time the instrument is powered up 
Some of these routines are accessible by 
BASIC so the operator can program the 
1980 to perform a self-check routine each 
time a measurement error is detected. 
The instrument is mechanically and 
electrically configured for easy trouble- 
shooting. The design incorporates the 
ability to use signature analysis as an aid 
in quickly isolating faulty components 
or circuitry. 

Summary 

There is no longer any need to spend 
valuable engineering time making 
rum i ne measurements and logging the 
results The 1980 is designed to do i Ills 
for you — lo provide fast ( accurate* au- 
tomatic measurement of television sig- 
nal amplitude, phase, and liming 
parameters. As an example, the 1980 can 
automatical! v run and log a complete 
in-service NTC No. 7 measurement 
routine in less than one minute, with 
worst -case accuracies of ± 0,5%/0.5X for 
most measurements. The instrument is 
easilv programmed to meet special re- 
quirements and future needs. 




The 7854 Oscilloscope 

A new 7000- Series Oscilloscope com- 
bines 400 MHz analog performance with 
microprocessor-based waveform pro- 
cessing to greatly simplify waveform 
measurements and improve measure- 
ment quality. 

The 7854 is preprogrammed to make 
common measurements such as rise 
time, fall time, pulse width, peak-io- 
peak, RMS. and other measurements at 
the touch of a button. Through averag- 
ing. signals buried in noise can be recov- 
ered and measured with improved accu- 
racy Averaging also gives increased reso- 
lution, with differences as small as 0,01 
division recorded in the digital storage 
process. 



The 7854 can store repetitive 
waveforms up to 400 MHz and single- 
shot events at sweep speeds up to 
50ps/diviston. A choice of 128, 256,512. 
or 1024 horizontal points is provided to 
allow storage of multiple waveforms 
With optional memory, the 7854 can 
digitize and store up to 40 waveforms. 

A GPIB interface is provided for cus- 
tomers requiring additional processing, 
data storage, or coordination of the os- 
cilloscope with other instruments. 

As a conventional oscilloscope, the 
7854 operates like a 7904 or 7704 A. The 
choice of more than 30 compatible plug- 
in units affords the same versatility en- 
joyed by users of other 7000- Series in- 
st rumen Is. 
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A Digital Storage Scope with a 
Familiar Face 



Fully Automatic Distortion Analysis 
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468 Digital Storage Oscilloscope t 

The new Tektronix 468 Digital Storage 
Oscilloscope looks just like the 
industry-standard 465B, 100-MHz Port- 
able Oscilloscope, and for good reason. 
The 468 ''drives'' just like the 465 B ( and 
in the non-storage mode has the same 
characteristics. 

Switching to digital storage, the 468 
uses state-of-the-art technology ad- 
vances to extend digital storage 
bandwidth*, simplify detection of 
aliased signals, and overcome envelope 
error and d isplay jit ter — a II problc m s 
plaguing earlier digital storage efforts. 

The 468 uses a 2 5- MHz, 8-bit digitizer 
and a unique display interpolation tech- 
nique to achieve a 10 MHz "useful stor- 
age bandwidth," To accommodate a 
wide range of applications, both sine 
and pulse interpolation is included. An 
envelope mode provides dual digitizing 
rates useful in catching glitches and de 
tecting aliasing. 

Operating ease and measurement res- 
olution is enhanced by signal averaging, 
and cursors for measuring both time and 
amplitude differences. In addition to the 
signa I a vera g i ng op t ton , a G PI B opt ion is 
available for waveform transmission. 



With the introduction of the Tektronix 
A A 501 Distortion Analyzer and SG 505 
Oscillator, complex distortion meas- 
urements become a totally automated 
process. Steps such as level setting, tun- 
ing, and nulling which previously re- 
quired several minutes of skilled 
operator time, are now done quickly, 
precisely, and automatically by the 
A A 501 s internal circuitry. 

The A A 501 and SG 505 combination 
permits harmonic distortion, inter- 
modulation distortion, frequency re- 
sponse, gain/loss, and signal-to-noise 
ratio measurements to be accomplished 
with minima I skill level. At the same 
time, both instruments feature state-of- 
the-art performance in residual noise 
and distortion. The system provides a 
total residual distortion of less than 
0.0025% ( 92 dB), residual noise of less 
than 3 microvolts, and fully differential 
input with a CMRR of 50 dB m 50 Hz, 
The SG 505 Oscillator gives a significant 
b oos t to measu re me n i a ec u ra cy w i t h 
ultra- low distortion, 0.0008% (20 Hz to 
20 kHz), in addition, it features an ex- 
tremely flat frequency response, within 
0.1 dB from 10 [ 1/ to 20 kHz, 0.2 dB from 
20 kHz tu 200 kHz, 

4 AA 501 Distortion Analyzer with SG 505 
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Automated Oscilloscope Test and 
Calibration 



A Digital NTSC Television Test Signal 
Generator/VITS Inserter 



The 1900 Digital Test Signal Generator 
and VITS Inserter is designed for state- 
of-the-art performance testing of NTSC 
television systems and equipment. 
Available in four different versions, the 
1900 supports a wide range of transmit- 
ter, studio, common carrier, and equip- 
ment manufacturing applications. 

Standard j full-field signals: modu- 
lated ramp, field square wave, window, 
convergence, and VI RS are included in 
each version. In addition, each version 
provides a special test signal comple- 
ment tailored to the specific application. 

The generator's functions are con- 
trolled by an internal microprocessor 
and its associated PROM memory. Test 
signals are stored as 10-bit digital words 
and converted to analog form by a 10-bit 
precision DAC to ensure signal accuracy 
and long-term stability. 

Since the 1900’s signals are stored in 
PROM, test signal format changes are 
accomplished by replacing the approp- 
riate lest signal memory. No recalibra- 
tion is required, and changing industry 
test signal standard* will not cause ob- 
solescence. 

RS-232-C and ground closure inter- 
faces allow wide-ranging remote control 
functions and applications versatility. 

The 1900 is available for the NTSC 
television standard only. 

4 1900 Digital Generator 



characteristics 

Probe accuracy and compensation 
Current p rob e accu ra c y 
Calibrator output accuracy 

A diversity of functions, manually 
selectable from the front panel, are all 
programmable through a controller via 
the GFIB (General Purpose Interface 
Bus, IEEE-488)* Many of the functions 
represent a new state-of-the-art in cali- 
bration pe rfo r m a nee * 

The CG 551AP is compatible with any 
Tektronix 4050 Series or other control ler 
operating on the GPIB . A typical system 
would include the CG 551AE a Tektronix 
4052 Graphics Computing Controller 
and a hard copy unit such as the Tek- 
tronix 4631 ora matrix printer such as 
the Tektronix 4642 for permanent 
documentation* 



CG 551AP Programmable Calibration t 
Generator 

The Tektronix CG 551AP is a fully pro- 
grammable, microprocessor- based os- 
cilloscope calibration generator. 1 1 can 
be used as part ol a computerized system 
for the calibration and verification of 
major oscilloscope parameters, includ- 
ing the following: 

Vertical gain 

Horizontal timing and gain 

Vertical b an d width/ pulse 
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A New Standard in Automatic Waveform 
Measurement 




76120 Programmable Digitizer 



The 76I2D is a dual-channel/dual-time 
base programmable waveform digitizer. 

Tl is, essentially, two digitizers in one 
cabinet. Each channel accepts a 7000“ 

Series vertical plug-in amplifier (fully 
programmable with two 7Al6Ps), and 
each channel has its own built-in digital 
time base, 

Sampling intervals, derived from an 
accurate, crystal -con trolled clock, are 
selectable on each channel from five 
nanoseconds to one second , Analysis of 
single-shot signals shorter than one 
microsecond in duration is possible at 
the faster sampling rales. Samples are 
stored as 8-bit words in a 2,048 byte 
memory for each channel* Each memory 
may be partitioned into multiple sec- 
tions of 1024, 512, or 256 words, 

The 7612D features the ability to 
switch sample rates at specified time lo- 
cations within a record. This allows in- 
creased resolution of fast waveform 
components, or skipping of unwanted 
waveform portions* 

All the functions of the instrument are 
programmable over the GP1 B bus 
through simple mnemonic commands. 

The 76I2D is compatible with the 
4050-Series and SPS PDP-11 based 

controllers. 4/80 
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A User-Programmable 
Logic Analyzer for 
Microprocessor- Based Design 




iucts fovtoro joining the Logic 



Anaty/jjr (Jiinign group It i his spare ttit\o Mike 
nnjoys skiing, sailing, and motor cycling. 



The logic analyzer is l he basic tool for de- 
signing and debugging digital circuitry 
The characteristics of a logic analyzer de- 
signed for working with random-logic sys- 
tems differ considerably from those re- 
quired for working with microprocessor- 
based systems Random-logic analyzers 
usually emphasize sampl ng speed and 
depth of memory white analyzers suitable 
for working with microprocessor systems 
feature a large number of input channels 
and extremely flexible triggering 
The new Tektronix 7D02 Logic Analyzer 
is primarily a tool for designing, debug* 
ging H and troubleshooting microprocessor 
systems It can support both 8-bit and 
16-bit microprocessors. 

The 7 D02 can acquire up to 28 channels 
(44 optionally) of synchronous data, and an 
additional eight channels ol synchronous 
data or eight channels ol asynchronous 
timing or slate information are available 
through a timing option, for a total of 52 
channels With Ihe timing option installed, 
the 7D02 is one of the most powerful yet 
easy to use tools available for working with 
microprocessor systems 
The 7D02 can be easily programmed 
{through a front-page keypad) to follow the 
complex sequences of events occurring in 



the system under test Program displays 
are dynamic and interactive, with only 
necessary prompting on-screen at any 
given time 

As the programming cursor is moved, 
new prompting occurs. Menus default to 
reasonable values to simplify input, and the 
7002 assumes the most logical program 
and supplies intermediate program steps. 
Displayed data can be formatted in the 
basic radices and mnemonics pertinent to 
the microprocessor under test. 

A series of personality modules adapt 
the 7D02 lo the clock and bus characteris- 
tics of individual microprocessors, The 
basic 7D02 contains four word recogniz- 
ers, two general-purpose counters, a 
user-configurable clock, data-qualification 
circuitry, programmable state machine, 
and three memories. 

A programmable state machine 

The programmable state machine is the 
key to the 7D02's flexibility II provides two 
equally powerful capabilities — generation 
ol a trigger algorithm that tracks the com- 
plex, convoluted program flow to trigger 
exactly where the user requires, and data 
qualification that determines precisely 
which data will be stored in the acquisition 
memory. In the 7D02, the qualify command 
works exactly like the trigger command 
The user can employ these two commands 
to discard the bus transactions of no con- 
sequence and to store only that data which 
is of interest in solving the problem 

The user can program the 7D02‘s state 
machine for any one of tour states, with 
each stale representing a user-determined 
output lhai is ihe result of a user- 
determined input The state-machine input 
consists Of lines from the four word recog- 
nizers and two counters; the output con- 
sists of individual lines to the mam trigger, 
timing option trigger data qualifier and 
lour lines to control the two counters. 

The inputs from the word recognizers 
and counters are called ©venfs, and the 
outputs are called commands. When pro- 
gramming the 7D02 f the user can link any 
event or combination of events to any 
command or combination of commands. 
The slate machine executes in real time 
with the system-under-test and can enter 
any of its states in any order* any number of 
times These capabilities allow the user lo 
program the 7D02 to follow the complex 
sequences encountered in micro- 
processor-based systems, 




Fig. 1. The 7DQ2 Logic Analyzer is a versatile user ‘programmable tool for microprocessor -based design 
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Block-structured programming 
language 

The 7002 programs with a block- 
structured language The programming 
language uses four tests each con- 
structed using an IF-THEN-ELSE syntax 
This syntax makes the execution of a com- 
mand conditional on the occurrence of an 
event. Events are keyed in following an IF 
or an OR IF prompt, and commands are 
keyed in following a THEN DO or ELSE DO 
prompt The user can have as many OR IF 

THEN DO clause pairs as necessary 
(subject to memory limitations}* but there 
can be only one ELSE clause in each test. 

Only one test may be active at a time 
The user moves from one test to another by 
executing a GO TO command. The follow- 
ing example shows a program containing 
two tests and illustrates moving from one 
test to another This operation represents a 
Iwo- level sequential trigger 



TEST 1 
1 IF 

l WORD RECOGNIZED it 
\ DATA ■ XX 
t ADDRESS = A 325 

1 /NMI»X /IRQ = X FETCH = X R/W = X 
t SA-X iNVAiOP-X EXT TRIG IN - X 
I TIMING WR = X 
1 THEN DO 

1 GOTO 2 
END TEST1 
TEST 2 

2 IF 

2 WORD RECOGNIZER #2 
2 DATA -XX 
2 ADDRESS^ 694F 

2/NMl = X !RQ = X FETCH = X R/W = X 
2 0A = X INVAL OP = X EXT TRIG IN - X 
2 TIMING WR - X 
2 THEN DO 
2 TRIGGER O-MAIN 
2 OBEFORE DATA 
2 O-SYSTEM UNDER TEST CONT 
2 OSTANDARD CLOCK GUAL 
END TEST 2 



Pressing the 7DG2 START button initiates 
TEST 1. When address 4325 is detected, 
the event in TEST 1 becomes TRUE and the 
GO TO (to TEST 2) is executed, deactivat- 
ing TEST 1 and activating TEST 2 if ad- 
dress 694 F is detected, the mam acquisi- 
tion memory will be triggered and data will 
be stored. Note that if address 4325 occurs 
again it will be ignored because TEST t is 
inactive. Entering this program required 
only three keystrokes plus filling in the 
field values 



Solving a practical problem 

Now, let s consider a practical problem 
Assume there s a location, OUTBUR that is 
the character buffer for a computer line- 
printer. This location is only written-to from 
subroutine OUTCH A R Unfortunately, data 
on the printer is not always what we expect 
The problem is to determine whether loca- 
tion OUTBUF is being written-to from some 
other section of the code 

With a traditional logic analyzer, we 
could trigger on OUTBUF and examine the 
data result to see if the access was legiti- 
mate We may have to examine many 
legitimate accesses before finding the 
problem access. 

Using the 7D02 we can locate the ille- 
gitimate access quickly and easily The 
program is shewn in figure 2* The Iwo 
events in TEST t are the detection of the 
addresses for OUTBUF and OUTCH AR, All 
events in a test are evaluated simultane- 
ously. II the location OUTBUF is written to, 
the 7D02 will trigger If the beginning of a 
subroutine OUTCH AR is detected, the 
7D02 will progress lo TEST 2. As there isno 
trigger in TEST 2. the 7002 cannot trigger 
during TEST 2. When the end of subroutine 
OUTCH AR occurs. TEST 2 ends, and the 
7D02 goes back to TEST 1 Thus, we see 
that the 7D02 will trigger and display 
data only when location OUTBUF is 
written to, and only it subroutine 
OUTCHAR is net running. 

Now, let's assume that OUTBUF was 
never wrilten-to from an improper location 
If the error occurs at least once every sev- 
eral minutes (a reasonable time to wait for a 
trigger), the qualify command can be used 
to verify the accuracy of the data being 
written to OUTBUF Figure 3 shows the ad- 
dition to the program required to instruct 
the 7D02 to acquire only data written to 
OUTBUF If the printer maff unctions, the 
user can manually slop this program The 
contents of the trace memory can then be 
compared to the printed text by putting the 
7DQ2 in the ASCII format mode. 

If the error occurs very infrequently, or if 
the result of the previous exercise shows 
that correct data was being written to 
OUTBUF, we musl employ a less direct 
means lo solve the problem 

The iwo counters in the 7DQ2 can be 
used either lo count discrete occurrences, 
or as timers. We can employ the counters to 
insert a fixed time period as a part of the 



TEST 1 

1 IF 

1 WORD RECOGNIZER * \ 

1 DATA- XX 
t ADDRESS* 051 B 

t 10/M X 1NRQ- X FETCH » X R^W-O 

1 INACK - X HOLD-X EXT TRIG IN-X 
1 TIMING WR-X 
1 THEN DO 
1 TRIGGER 0- MAIN 

1 0 -BEFORE DATA 

1 O-SYSTEM UNDER TEST CONT 

1 O-STANDARD CLOCK QUAL 

1 OR IF 

1 WORD RECOGNIZER # 2 
1 DATA- XX 
1 ADDRESS-9721 

1 10/ M X I NRG X FETCH 1 R/W X 

1 INACK X HOLD- X EXT TRIG IN X 
1 TIMING WR-X 
1 THEN DO 

1 GO TO 2 
END TEST 1 
TEST 2 

2 IF 

2 WORD RECOGNIZER #3 
2 DATA- C9 
2 ADDRESS XXXX 

2 IQmX INRO-X FETCH- 1 R'W X 
2 INACK =X HOLD-X EXT TRIG IN X 
2 TIMING WR-X 
2 THEN DO 
2 GOT0 1 
END TEST 2 



Fig 2. This 7D02 program will trigger when loca- 
tion OUTBUF is written to. unless subroutine 
OUTCHAR is running ai !h© same time The 
PM KM (8085] personality module rs being used. 
Word recognizer 1 is TRUE when OUTBUF 
(OtSBi is written lo Word recognizer 2 is TRUE 
on I ho first nstruetton of OUTCHAR £9721). Word 
recognizer 3 is TRUE when a RET instruction is 
executed indicating the end of OUTCHAR Enter- 
ing this extensive program required only eighi 
keystrokes plus titling in the field values 



trigger, a feature which can be very useful 
in some instances, as the following 
example shows. 

Hypothesizing that there is a timing error 
in the printer, we set up an experiment to 
determine if the setup time specification on 
the print head is being met We start a 
counter when the character is written to 
OUTBUF If the print hammer is actuated 
within 10 milliseconds, the timing specifica- 
tion is being violated and the 7D02 will 
trigger. The 7002 program is shown in 
figure 4, 



QUALIFY 

Q STORE ONLY ON 
Q WORD RECOGNIZER # 1 
Q DATA- XX 
Q ADDRESS=051B 

Q 10/ M XX INHQ X FETCH 1 R/W-0 
Q INACK X HOLD X EXT TRIG IN X 
O TIMING WR- X 
O END QUALIFY 



Fig 3. Program additions required lo qualify any 
wni© toOSiB 



In this example, the external trigger line 
is connected to the hammer-d river signal 
and is defined in word recognizer 2 as a 
TRUE Word recognizer 1 detects the write 
to OUTBUF 

TEST 1 warts for the write to OUTBUF 
When this happens, the counter is started 
and TEST 2 is activated. In TEST 2 there is a 
race If the hammer driver is actuated first. 



TEST 1 
I IF 

I WORD RECOGNIZER # 1 
I DATA XX 
I ADDRESS 051 B 

1 IQ/M X I NRG X FETCH X R/W 0 
1 INACK X HOLD= X EXT TRIG IN X 
1 TIMING WR X 
1 THEN DO 
1 COUNTER 0 1 2 MS 
1 7 RESET AND RUN 

1 GO TO 2 
END TESTl 
TEST 2 

2 IF 

Z WORD RECOGNIZER 0 2 
2 DATA^XX 
2 ADDRESS- XXXX 

2 HD'M-X INRQ-X FETCH X R/W =X 
2 INACK X HOLD - X EXT TRIG IN - 1 
2 TIMING WR-X 
2 THEN DO 
2 TRIGGER 0 MAIN 
2 2 AFTER DATA 

2 0 SYSTEM UNDER TEST CONT 1 

2 0 STANDARD CLOCK QUAL 

2 OR IF 

2 COUNTER 0 1 = 000102 MS 
2 THEN DO 
2 GO TO 1 
END TEST 2 



Fig. 4. Program to chock timing margms If OUT- 
BUF (05 lB] is written to and the hammer driver is 
actuated (as indicated by the TRUE and EXT 
TRIG IN) before COUNTER 02 reaches 10 mil- 
liseconds wo know the liming spec ill rat ion has 
boon violated. This program can be set up 
using only seven keystrokes plus filling in iho 
field values 



the 7D02 triggers, if the timer runs out, 
sufficient setup time has elapsed and 
TEST 1 is actuated again. 

It is possible for the 7D02 to loop be- 
tween TEST 1 and TEST 2 millions of times 
without triggering. The 7D02 will trigger 
only when the timing constraint has 
been violated 

The 7D02 also could be easily pro- 
grammed to check that every write to 
OUTBUF is followed by only one actuation 
of the print hammer 

The timing option 

The triggering capability of the 7D02 
makes it an ideal tool for integrating the 
hardware and software in a micro- 
processor-based system However, condi- 
tions often require us to analyze the 



random-logic circuits associated with the 
microprocessor The timing option avail- 
able for The 7002 provides this capability 
With The timing option installed, the 7D02 is 
essentially two logic analyzers m one — a 
52-channel synchronous analyzer (with 
expansion option), or a 44-channel syn- 
chronous analyzer plus an B-channel 
asynchronous logic analyzer 
The timing option uses the 8-channel 
P6451 Logic Probe to acquire data The 
timing option has its own 255 x 8-bit acqui- 
sition memory 255 x 8-bit glitch memory, 
8-ehannel word recognizer (the externa I 
trigger input provides a ninth nonstored 
channel), and an internat clock. The sam- 
pling rate is programmable over a range of 
20 nanoseconcs to 5 milliseconds. A 
programmable 0 to 300 nanosecond filler 
is provided for Ihe word recognizer output 
You can establish the trigger relationship 
of the mam and timing option sections in 
any manner you choose For example, 
either or both sections can be triggered or 
armed from either or both sections This 
extreme trigger versatility is useful tor de- 
bugging the interaction between a micro- 
processor ana ts peripheral hardware. 

Some design considerations 

A simplified block diagram of the 7D02 is 
shown in figure 5 The ability to completely 
program the triggering and qualification 
algorithms requires the decision blocks 
(such as word recognizers and the state 
machine) to be implemented in random- 
access-memory (RAM), which places 
considerable time eonstrainls on the real- 
time acquisition system At the maximum 
rate of 10 megahertz. The word-recognizer 
RAMs require almost a full clock cycle for 
storage Likewise, the counter subsystem 
and state machine require another dock 
cycle. The 7D02 uses a pipeline decision 
process for delaying data flow to allow time 
for producing complex signals such as 
triggers and qualifiers. The pipeline con- 
sists of two sets of data latches and the 
256 x 44- bit acquisition memory Words are 
consecutively clocked into the pipeline 
latches by the state clock signal the same 
clock edge writes data tnto the acquisition 
RAM. If the qualify signal from the slate 
machine is TRUE, then the RAM address 
counter increments. Otherwise* the next 
state dock overwrites the same memory 
cell and the word is. effectively, not stored 



The stale machine is RAM- based also 
The state-machine latch stores the signals 
Ifom the word recognizers, Ihe state- 
feedback bits from the RAM and the feed- 
back bits from the two counters. The 
latched dala (which represents events in 
the user language) addresses a location in 
RAM that contains the data appropriate for 
ihe next operation, The data outputs from 
the state machine are the logic analyzer 
control lines and represent the commands 
issued by the user language 

The dual-counter subsystem is imple- 
mented with direct-memory-access con- 
tro ler ICs to conserve space and power 
Under stale-machine control, the glitchless 
start/stop allows resolution to be increased 
using timeHnterval-averaging techniques 
One counier may be used as the loop 
counter for the averaged measurement, 
which is accumulated in the second 
counter. 

Designing plug-in personality modules 
— to allow the 7D02 to accommodate 
many different microprocessors without 
dismantling the instrument to change per- 
sonalities— presented an interesting chal- 
lenge To achieve the necessary flexibility, 
a programmable clock synthesizer is used 
and appropriate firmware is included in the 
personality module. 

The 7DQ2 clock synthesizer can shift or 
divide the input clock by up to four clock 
cycles or times to accommodate multi- 
phase clocks, A programmable external 
synchronizer (Esync) locks the 7D02tothe 
syslem under test. A programmable wail- 
state generator tracks microprocessor 
wail states 

The programmable clock shifter is a uni- 
versal shift register (see figure 6) It is 
loaded by the Esync signal. The wait signal 
asserts the hold line to suspend shifting 
The clock divider adds feedback around 
the shifter The Esync and wait signals are 
generated from the information provided 
by the hardware and by the firmware in the 
personality module 

The personality module 

The personality module contains input buf- 
fers, bus demultiplexers, special control 
generators and firmware. The personality 
module firmware provides information to 
program the 7D02 dock synthesizer and 
clock qualifier ft also provides information 
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to format the 7DG2 input and output dis- 
plays into the radices and mnemonics of 
the microprocessor under test. 

To perform this format function, a special 
interpreter was developed. In display 
mode, data from the system is inhibited 
and the personality ROM is accessed via 
the acquisition bus. Commands are 
fetched from the personality module and 
executed by the interpreter. This approach 
allows extreme flexibility in designing 
future personality modules, saves 
coding space, and simplifies coding 
and debugging. 

Self-test and diagnostic capabilities 

An important consideration in using com- 
plex instrumentation is how to determine if 
it is working properly. The 7D02 has three 
levels of diagnostics to assist in this test. 

At power-up, the 7D02 checks internal 
subsystems to the extent possible without 
having known data input. I f problems exist, 
descriptive messages are displayed 
These are keyed lo troubles! luuiiny trees In 
the 7DG2 service manual. 

The user can call up the Diagnostic 
Monitor — Module Test, which employs 
service teshgenerators contained in the 
personality modules To verify ail data 
paths through the system, the user plugs 
the acquisition probe into the service test 




Fig. 6* Simplified black diagram of the 7DG2's 
synthesized clock generator Personality module 
firmware provides information to program tho 
synthesizer and qualifier. 

socket, and the 7D02 acquires known input 
data and performs a checksum 

Suspect subsystems can be analyzed 
by using the Signature Exerciser Mode 
which generates test patterns that can be 
verified using a signature analyzer. 

The diagnostic modes consume eight 
kilobytes of ROM (16% of ihe total firmware) 
and provide excellent diagnostic coverage 
of the 7D02 system. 
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Before the development of the storage os- 
cilloscope, physical, mechanical, biomed- 
ical. and similar type measurements were 
difficult and lime consuming to make. 
Direct-view-storage-lube oscilloscopes 
changed all of that. Now, a new storage 
instrument, the Tektronix 5223 Digitizer 
Oscilloscope, offers some exciting 
new capabilities 

In areas ol biological research, such as 
stimulus-response and EMG studies, and 
m mechanical design applications, such 
as structural and engine-performance 
testing, the 5223 simplifies the data collec- 
tion process. The 5223 takes the guess- 
work out ol capturing single-shot wave* 
forms by using two features — bislope trig- 
gering and pretrigger viewing In addition 
lo assured storage performance, the 5223 
provides waveform retrieval via an X-Y out- 
put port to a char I recorder and waveform 





Fig. 1 . Th o 5223 Digitizer Oscilloscop e With th e 5B25N Time Bast. 1 , the *223 provides muiMraco digital 
storage o! repel i five events up to 10 MHz ’* 



manipulation via the optional GRIB feature. 

For display, the 5223 uses a high- 
resol ulion, 6 Vi-inch cathode ray tube 
(CRT). Displayed waveforms are sharp and 
bright, and viewing time is unlimited. The 
large-screen CRT is ideal for viewing multi- 
trace displays As an example, (he 5223 
can display up to four stored signals simul- 
taneously, and you can view real-time sig- 
nals and stored signals together Waveform 
measurements and comparisons are facili- 
tated because you can reposition and ex- 
pand the stored waveforms on* screen. 

For signal acquisition, the 5223 uses the 
5000-Series of vertical amplifier plug-ins. 
These offer wide-ranging capabilities 
from differential, 10-microvolt/division 
sensitivity, to gigahertz bandwidth using 
sampling techniques. 

For real-time operation, any of the 
5000-Series time bases can be used. The 
new5B25N Digitizer Time Base plug-in 
provides digital storage operation. It in- 
cludes features of special interest to users 
making physical, mechanical, biomedical, 
and similar type measurements. For 
example, when viewing smgle*occurrence 
events, the user often misses the informa- 
tion of interest because of the uncertainty 
with which the trigger signal is generated 
This uncertainty is overcome with the 
5B25N by using the bislope triggering 
mode (see figure 2) In this mode, either a 
positive or negative-going signal will trig- 
ger the sweep. The trigger level control 
serves as a sensitivity control to prevent 
p'ernalure triggering on noise or other ex- 
traneous signals. 

One of the unique features of digital stor- 
age is the ability to capture events occur- 
ring prior to the trigger event The 5B25N, 
with continuously variable pretrigger con- 
trol, lets you position the trigger point any- 
where on-screen The pretrigger portion 
of the display is intensified for easy 
identification. 

Display format selection 

On© of th© most useful features of digital 
storage is the capability to display digitized 
data in several formats. For example, in 
some applications it is desirable to con- 
tinuously monitor changes in variably- 
snaped signals without the interruptions of 
sweep retrace and hoidolf time. The roil 
mode of the 5223 provides this capability. 
In this mode, the memory contents are eon- 
Ij nually updated and displayed with new 
data moving from nghl to left on-screen 
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similar to a strip-chart recorder display 
{see figure 3) Should a point of particular 
interest appear on-screen, you can hold 
the display for lurther study by pressing the 
SAVE push button. 

In many instances, it is helpful to display 
waveforms in other than the conventional 
Y*T format With the waveforms m digital 
storage, you can elect to display them in an 
X-Y format With two identical wide- 
bandwidth vertical amplifier plug-ms in- 
stalled m the 5223, you can select the L VS 
R display mode and achieve 10-megahertz 
X-Y displays with less than five degrees of 
phase shift introduced by the instrument. 
When the real-lime signal is displayed, you 
can view both the X-Y and Y-T information 
lor a more comprehensive display 

The stored waveforms are available at 
rear-panel connectors for making hard 
copies on your analog X*Y plotter. A pen-fift 
signal and PLOTTER OUT speed adjust- 
ment are provided also. 

Interpreting the display 

Digital storage oscilloscopes usually dis- 
play the digitized waveform as a series of 
dots. In some displays, perceptual aliasing 
(a type of optical illusion inherent in dot 
displays) occurs The eye tends to visually 
connect adjacent points; however, the 
closest dots in screen position may not be 
the next In sequence. Perceptual aliasing 
is overcome in the 5223 by selecting the 
vector display mode. In this mode, the dots 
are connected by straight lines 

In addition to perceptual aliasing, dot 
displays can also show an "envelope 
error, " which occurs when the dots do not 
fall on the peaks of the signal, The user may 
not be able to detect this condition even 
when using a vector display, as the actual 
signal could still be outside the waveform 
traced by the vectors. Switching to real- 
time operation quickly reveals if envelope 
error is occurring. 

Another type of confusing display can 
occur when too lew samples are taken to 
adequately reproduce the real-time signal. 
A possible undersampling indicator on 
the 5B25N alerts the operator to this condi- 
tion The remedy is lo choose a more ap- 
propriate TIME/DIV setting 

Digitizing the signal 

The 5223 can capture repetitive events at 
speeds up to 10 megahertz, and single- 
occurrence events up to 100 kilohertz 





Fig, 2. Figure (a) a! top shuws how a conventional iriggor circuit can miss a display if the signal 
originates with the opposite polarity than expected If LEVEL had been sot al t- 3 CRT d visions, sweep 
would never have boon triggered Figure (b) at bottom shows the operation of bfslopo triggering on the 
same waveform as do pa clod above, 



MOVING DISPLAY 






TIME WINDOW 



TIME WIN DOW Rl 02 5 eeJDN 
(in SAVE) 



Dfcr 

ftst mjdiv. 

ROLL MODE NO LOST DATA 



Fig, 3, The S223 s r 0H mode can capture signals wtihout any toss of data due to sweep retrace/haidoH 
and triggering requirements The trme window is selected by the TIME.- DIV control on the 5825N 
Time Base 
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Fig, 4, Simplified block digram or the 5223 memory system The right memory Is shown in detail to 
Illustrate tho two-page memory system that allows one page to be written white Ihe other is being read, 
and vice versa This scheme provides a lllckor-froe display 



Two types of sampling are used in the 
5223 For sweep speeds of 0.1 millisec- 
onds division and slower* real-time sam- 
pling may be used. To store a c ompiete 
waveform, 1024 samples are taken. The 
TIME'DIV control setting determines the 
sample rate. For sweep speeds of 50 
microseconds division and faster, 
sequential-equivalent-time sampling is 
used, with one sample taken each sweep 

Both verllcal channels of the 5223 are 
sampled simultaneously and then digitized 
sequentially The analog-lo-digital con- 
verter is a 1 0-bit successive approximation 
register that converts in one microsecond, 
allowing a maximum sampling rale of 
one megahertz. 

The 1-rregahertz dock from the digitizer 
enters serial data from the digitizer board 
into a serial-to-parallei converter. The 
10-bit data bytes from the converter are 
temporarily stored in scratch-pad 
memories for later transfer to the left or 
right -compartment memory 

The memory system 

The 5223 has two separate memory sys- 
tems— one for each vertical comparlment 
(see figure 4} Each memory system is, in 
turn divided into two ‘pages' of 1024 
words each. This arrangement allows the 
system eg write data into one page, while 
reading data (for display purposes) from 



the other Once a complete display cycle 
has occurred, the functions of the pages 
are interchanged (if the 'acquis^tlon■ , 
memory is lully loaded) This scheme 
ensures always having a full memory for 
display, and provides a flicker-free 
display In the roll mode, page switching 
does not occur 

The memory output buffersare switched 
on, as appropriate, to apply the stored data 
to the vertical digftako-analog converter, 
Conversion of Ihe data from a full memory 
page takes about 4.5 millisecond s. 

At sweep rales of 100 microseconds per 
division and slower the display is chopped 
between the real-time signal and me stored 
signal. However, at faster sweep rates, the 
slored signal is displayed during the real- 
time sweep retrace, to reduce the likeli- 
hood ol display flicker This technique 
places some stringent requirements on the 
X and Y amplifiers as they have to switch to 
the “trace starl" position and settle In less 
than the 0 25 microseconds provided by 
the delay line 

The optional GRIB 

With the optional GPfB interface installed 
the 5223's digital functions can be con- 
trolled via a controller such as the 
Tektronix 4052 Graphic Computing Sys- 
tem Because the 5223 is both a ‘talker* 
and a 'listener,* you can output waveforms 



for signal processing and data logging, or 
input externally recorded waveforms into 
Ihe scop© tor comparison or reference 
purposes Through software selection, the 
data can be output in binary or ASCII code. 

Operating as a talker, the 5223 will output 
data continuously a convenience for those 
applications requiring continuous data 
logging or reaMime processing. 

Summary 

The 5223 combines digital storage, a real- 
time bandwidth of 10 megahertz, and 
plug-in versatility in an instrument de- 
signed to give you new measurement 
capability and operating ease Multitrace 
storage, positioning and expansion of 
stored waveforms* X-Y plotter outputs, 
bislope triggering, pretrigger viewing, and 
other features provide important new mea- 
surement capability. The 5223 can be 
easily converted for rackmounting and 
occupies only seven inches of vertical 
rack space* 
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The data communications industry is ex* 
pending at a rapid pace, and so is the 
number of people involved In servicing 
data communications networks , Such 
rapid growth has made it impractical to hire 
and train enough technical specialists to 
satisfy each user installation 

An alternate approach is to train first -line 
technicians to a level adequate to solve 
most of I he system problems encountered, 
and situate them in branch offices, They 
are on cafl by an installation in trouble. 
Highly-trained technical specialists, usu- 
ally located at district or regional centers, 
back up the first-line technician, with 
experts at the factory providing top 
level support 

The Tektronix 834 Programmable Data 
Communications Tester is designed 
primarily for use by firsl-line technicians, 
Operating ease, portability, and cost are 
optimized for this service level. Pro- 
grammability and multifunction capability 
make the Q34 a valuable tool for the techni- 
cal specialist as well 

Multifunction capability 

Now let's look a: some of the 834 s 
capabilities The instrument can perform 
several functions. It can monitor data flow 
on both sides ot the communications net- 
work, that is, data from the host computer 




Fig, 1 Tho Q34 Programmable Data Communications Taster 



or data from a remote terminal. The 834 
also enables the user to simulate data ter- 
minal equipment (DTE) or data communi- 
cations equipment (DCE), Extremely flexi- 
ble, the 834 can be used with asynchro- 
nous or bisynchronous byte^oriented pro- 
tocols, or bit-oriented protocols such as 
HDLC (high-level dala-link control) The 
034 can confirm the condition of ihe carrier 
channel by performing bit or block error 
rate tests (BERT/0LERT). and can display 
or generate cyclical or longitudinal redun- 
dancy checks (CRC/LRC) All of (hese 
capabilities are contained in a package 
weighing just twelve pounds. 

The technician's abibly to exercise these 
capabilities is enhanced through the use of 
ROM Packs. The ROM Packs provide an 
extended programming set and specific 
and general routines, stored messages, 
and tesl patterns, Each ROM Pack has 
space for customer- designed routines 
based on the customer s application. The 
first-tine technician can, thus, use custom 
programs without needing to know the 
details of the programming language or 
taking the lime to enter programs via 
the keyboard. 

Microprocessor control 
provides versatility 

Microprocessor control makes the 834 ex- 
tremely versatile, yet easy to operate It 
also simplifies Ihe front-panel controls, The 
front-panel contains four major sections; a 
five-position mode switch, seven-button 
display control, 21-button keypad, and 
interface access panel 

A bright, 16-character, fluorescent dis- 
play is used for parameter and message 
display, with the four right-hand characters 
forming a scratch pad area for data 
entry and character translation. Addition- 
ally, eight individual LEDs serve as 
indicators for control-line status and 
operational references. 

The 834 provides a menu to assist Ihe 
user in setting up the instrument for a par- 
ticular function. For example, suppose we 
select the MONITOR mode. In this mode, 
the 834 passively looks al data on the 
channel and can acquire up to 2699 
characters from the data stream. Captured 
dala can then be displayed on the 
16-character readoul 

To check the operating parameters for 
the selected mode, we press Ihe SETUP 
button. The first setup parameter displayed 
is display coding, This item in the menu 
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Fig. 2, Through the use of ROM Packs, the user can expand the capability of the 834 and employ 
programs customized for the system under test. 



allows us to select how the data wilt be 
formatted for display The default mode is 
EBCDIC Pressing the «- and -* buttons 
will display the other codes available; in 
Ihis instance. EBCDIC^, ASCII* ASCII**, 
and HEX A usendefined code can also be 
used In EBCDIC and ASCII, (he control 
characters will be decoded as 3-charactef 
mnemonics In the scratch pad area 
Should we want to operate on the control 
character via the keypad, il would be con- 
venient to have the character displayed in 
HEX. By selecting EBCDIC H(l or ASCII***, 
the conirol characters will be decoded as 
hexadecimal pairs in the scratch pad area 
In Ihe HEX mode, all characters are dis- 
played as hexadecimal pairs. 

To go lo the next, or Ihe previous* setup 
parameter, we use the \ or J buttons In our 
example the next parameter lo be setup is 
baud rale. We can choose from baud rates 
of 50 to 19.200 bits per second, Continuing 
on through the setup we can select lull or 
half ^duplex operation, hath duplex turn- 
around* delay synchronous. HDLC, or 
asynchronous operation, bits/characfers 
partly and so forth 

Triggering capability 

A key element in the setup procedure is 
delming ihe trigger The precision with 
which w© can define the trigger point often 
determines whether we capture the dat a of 
interest With the 834. we can choose: to 
capture data preceding, following, or cen- 
tered around the trigger event whether 
triggering will occur on DCE or DTE data , or 
neither; whether lo trigger on an error con- 
dilion; or whether to trigger on Ihe positive 
or negative transition of one of the EIA con- 
trol lines. We can program a G-to-5 charac- 
ter sequence or use a mask to set up a 
G- lo-25 character sequence (see figure 3) 
The ability to mask select bits when com- 
paring the trigger character lo acquired 
data is useful in working with bit -oriented 
protocols* and enables the 834 to Irrgger 
on a particular address and control- bit 
combination Trigger sequences are en- 
tered from the decimal keypad which is 
part of Ihe 21 -button keypad 

Pressing the START button begins data 
acquisition. If a trigger has been pro- 
grammed. the NO TRIGGER light remains 
on until the trigger is found When trigger- 
ing occurs* data is captured relative lo the 
trigger event as we have programmed it 
During data acquisition, data characters 
are displayed as they are received 



Source, error, and control line status also 
are displayed in real time. 

After data acquisition, we can use the 
and — * buttons to step through the 
capture-buffer contents We can display 
any position in Ihe buffer by entering (from 
Ihe decimal keypad) ihe number of charac- 
lers we want 10 shift and then pressing the 



«— or— * button The scratch pad area dis- 
p ays Ihe hex equivalent of the right-most 
character in the display 
Normally, DTE and DCE characters are 
displayed in the order in which they are 
received. We can display only DCE or only 
DTE characters by pressing and holding 
Ihe appropriate | or i button. 



START 

OF 

FRAME 


1 


CM 


CO 


4 


5 


6 


7 




1 


V 


1 


1 


1 


0 


1 


1 


CAPTURED 

DATA 


1 


0 


0 


1 


0 


0 


0 


0 


TRIGGER 


1 


n 

1 


H 


0 


0 

i 


0 

1 


1 


1 


MASK 


1 

DON'T 

CARE 


1 

MATCH 


1 

DON'T 

CARE 


1 

MATCH 


1 

NO MATCH 


1 

MATCH 


DONT 

CARE 


1 

DON’T 

CARE 





Fig. 3, A mask may be programmed to extend ihe 834 s triggering capability In this example, a match 
between data and trigger is attempted only whore the mask contains a 0, Thera is no match, in Ihis 
instance, because of the I In bit four. 
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Table 1, The basic 834 programming set Includes 10 instructions. 

The BOM Packs provide a greatly exlondecl set of instructions as shown hero 



The programming 
Instruction set resident rn 
the basic 834 is as follows: 



The extended programming 
set contained in the ROM 
Packs consists of the 



0 


HALTimm 


following Instructions: 




Stop and display 


11 


LOAD# pp 




message MM 




Load register with value in 


1 


SENDimm 




parameter PP 




Send contents of 


12 


STORE #pp 




message buffer MM as 




Store register value in 




a frame 




parameter PP 


2 


RECEIVE 


13 


COMPARE #pp 




Obtain next complete 




Compare register value to 




data frame for 




value in parameter PP 




processing 


14 


INCRMNT # pp 


3 


COMPARE:mm 




Increment value in 




Search frame for a 




parameter PP by one 




match with message 


15 


DECRMNT # pp 




buffer MM 




Decrement value in 


4 


JUMPEQ-ss 




parameter PP by one 




Jump to step S3 if a 


16 


DISPLAY# pp 




match is found 




Display value in parameter 


5 


JUMP NE >ss 




PP 




Jump to step SS if a 


17 


LOAD: mm 




match is not found 




Load register with 


6 


JUMP-ss 




character from message 




Jump to Step SS 




MM 


7 


IF TIME -SS 


18 


STORE: mm 




Jump to step SS if the 




Store register value in 




timer expires 




message MM 


8 


TIMEOUT# pp 


19 


DISPLAY:mm 




Start timer with value 




Display message MM 




parameter PP 


20 


CLEAR :mm 


9 


MASKimm 




Clear message MM 




Use message MM for 


21 


TRANSFR#pp 




mask during COMPARE 




Invoke key sequence 




operation 




described by value in 


10 


WAIT # pp 




parameter PP 




Start timer with value in 


22 


SETEIA-nn 




parameter PP and do 




Set EIA RS-232 control 




not proceed to following 




line specified by value NN 




step untrf timer expires 


23 


TESTE IA=nn 



A colon (:) Indicates that the 
argument to be specified Is a 
message, 

A pound sign {#) indicates that 
the argument to be specified is 
a parameter. 

An equal sign (**) indicates 
that the value to be specified is 
to be used in the execution of 
the instruction. 

An arrow (->) indicates transfer 
to another program step. 



Test EIA RS-232 control 
line specified by value NN 

24 TESTFRM=nn 
Test for type of frame 
indicated by value NN 

25 TESTKEY=nn 

Test for keyboard input 
indicated by value NN 

26 BREAK# pp 

Send BREAK for length of 
time specified in 
parameter PP 

27 BCC:mm 

Calculate and insert BCC 
for message MM 
29 NOP 

Not available in present 
ROM Packs 
29 BLOCK:mm 

Compare frame to 
message buffer MM and 
count bit errors 




834R01 

General Purpose ROM Pack 
834R02 

Bisync ROM Pack 
834R03 

Link Test ROM Pack 



Simulation programming 

When operating in either of the two simula- 
tion modes, the 834 provides Ihe user a 
simple, data-communications-oriented 
programming language. This language is 
similar to the problem-oriented instruction 
sets of programmable calculators. 

An 834 simulation program consists ol 
from one to 99 program steps, one to 50 
messages, and one to 50 parameters. 
Each program step performs a single func- 
tion (send a message, search a received 
message, start a timer, etc,). The users 
musl put these in proper order to solve their 
problem. Messages may be invoked by 
program steps to send, compare, display, 
and so forth Parameters are numbers 
which may range from 0 to 9999 They are 
used as timer values (in milliseconds), 
counters, and intermediate storage for 
character manipulation. 

The 834 firmware contains eleven 
instruction types which provide most of the 
features needed for simple simulations. 
Protocol ROM Packs provice additional in- 
structions which allow more complex 
simulations and simplify dealing with 
some data simulation protocols. Table 1 
provides a list of all of the available 
simulation instructions. 

Self-test capabilities 

The self-test and self-diagnostics features 
of the 834 grealiy enhance its manufac- 
turability and serviceability. Several levels 
of seif-test are provided When the instru- 
ment Is turned o n. the CPU, ROM, RAM and 
timers are tested while the front-panel 
lights are exercised to allow the operator to 
ver fy the functioning of the LEDs and 
fluorescent display If either micro- 
processor finds a problem, the 834 dis- 
plays a message which describes it The 
power-up self-test does not test the inter- 
face circuits. An operator, suspecting that 
the 834 is not working properly, may turn 
the MODE switch to the SELF TEST position 
and quickly perform a series of tests that 
can find nearly any operational problem in 
the instrument. As these tests exercise 
nearly every instrument function, Ihe 
operator can be confident that the instru- 
ment is working properly it it passes 
these tests. 

if a problem is found in either power-up 
testing or confidence testing, the problem 
can be pinpointed easily The service pro- 
cedure defined In the Instruction Manual 
describes how to use a digital voltmeter 
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and frequency counter in conjunction with 
the Diagnostic ROM Pack to trace the prob- 
lem to its source. 

The system architecture 

The 834 contains two microprocessor- 
controlled systems (see figure 4). A Z80 
microprocessor runs the CPU and 
input/output system, while a 6802 
(with self-contained RAM) handles the 
display processing 

TheZSOand 4 kof the 28 kbytes of ROM 
form the kernel of the CPU. The 4 k erasa- 
ble ROM contains the initialization routines 
and power-up self-tests Only power, a 
clock, and a reset pulse are needed for the 
kernel to function. If the kernel is function- 
ing, the CPU can survey the rest of the 834 
and identify system problems 

The 16 k bytes of RAM provide a space 
in which the CPU can store and retrieve 
data, Such data includes messages 
received from, or to be transmitted to, 
the RS-232 interface, 

I he serial input/output (SiO) chip plays a 
central role in the input/output function. It 
takes the 8- bit parallel data off the bus and 



then, under CPU control, serially transfers 
that data to the interface. Conversely, the 
SIO receives serial data from the interlace 
and places it cn the bus as parallel data. 

The 834 s internal timer is a program- 
mable baud rate and interval generator 
which supplies transmit and receive clock 
signals. These signals are used In applica- 
tions in which the 834 must provide its own 
clock or the system clock, 

The interface does the signal condition- 
ing between the RS-232 interface and the 
834 I/O system, Thrs includes shifting be- 
tween RS-232 and TTL levels, decoding 
and encoding NRZI. selecting a timing 
source, and detecting transitions for the 
data-derived clock. 

The display processor section of the 
834 handles control and decoding for 
the keyboard, and for the LED and 
fluorescent displays, This section of the 
834 is a complete microprocessor system 
containing its own 6802 microprocessor 
chip with on-board RAM. a 4-megahertz 
clock, 4 k ROM, LED drivers, and 
key boa rd d ec od i n g 



Summary 

The 834 Programmable Data Communica- 
tions Tester gives the user a wide range of 
capabilities in one compact, easy to use 
instrument. It is optimized for operation by 
the first-line technician. With the help of 
customized ROM Packs, the technician 
can perform sophisticated tests rapidly 
and accurately and shoulo be able to solve 
most of the system problems encountered, 
on the first call. 
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New Products 

High Resolution 
Hard Copier 




Tracking Generator 
forthe492-492P 
Spectrum Analyzers 





TR 503 Tracking Generator with 
DC SOS Counter and 492. 

The new TR 503 Tracking Generator is de- 
signed to work with the 492 and 492P 
Spectrum Analyzers to provide stale of the 
art performance in making frequency re- 
sponse measurements of passive and ac- 
tive devices, swept return loss measure- 
ments using an external passive bridge, 
and other applications, 

The TR 503/492 has a frequency range 
of 100 kHz to 1.0 GHz with ±1.5 dB system 
flatness and 50 Hz stability. 

The tracking generator Isa two- wide unit 
compatible wilh ihe TM 500 Modular In- 
strument Series, When powered by a 
TM 503. there is room for a 1 3 GHz 
DC 508A or other counter for making 
frequency measurements with 
counter accuracy * 



4634 Imaging Hard Copy Unit 

The Tektronix 4634 Imaging Hard Copy 
Unit produces high quality continuous tone 
copies from raster scan video sources in 
seconds. Designed to provide photo- 
graphic quality Images, the device is 
aimed primarily at digital image process- 
ing, pattern recognition, remote sensing, 
video disc and high resolution 
display environments. 

The 4634 records on dry silver paper 
using a fiber-optic CRT Clean and conven- 
ient. Ihe dry copy process requires no 
toners or developers. The high resolution 
copies have a broad gray scale range (12 
levels) that reveals fine image detail, and 
the iaro e 6 x 8-Inch image size on 
816 x 11 -inch pa per makes details 
easy to see. 

The cost per copy is substantially lower 
than that for similar competitive units. 

Front paper load and exit, and front- 
panel controls make it easy to integrate the 
4634 into viSfeo system configurations. It is 
self-contained, usually requiring a single 
cable connection, and can be interfaced to 
most raster scan video sources, either 
analog or digital, 

An automatic gain control circuit tracks 
fhe rnpul signal, making the 4634 less sen- 
sitive to input signal variations, fmage qual- 
ity is thus more consistent over lime, with 
minimum adjustment required. ■ 
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The New TM 500 Series 
Function Generators 



Counter Capability 
Extended to 1.3 GHz 




FG 507 2-MH z Function Generator 

Two new function generators broaden the 
signal generation capabilities of the ver- 
salite TM 500 Series instrumentation. The 
FG 501A provides low-distortion sine, 
square, triangle, ramp, and pulse wave- 
forms from 0.002 Hz to 2 MHz in eighl dec- 
ade slops. Maximum output level is 30 V 
p-p into an open circuit, with up to ±13Vof 
dc offset from 500. Waveform triggering, 
and gating are provided. A variable phase 
control permits phase shifts of up to ±90 
degrees. Symmetry can be adjusted over a 
range of 5% to 95% to generate pulses and 
ramps. Pulse rise time is ^25 ns. Push- 
button-selectable step attenuators provide 
60 dB of attenuation in 20 dB steps, and a 
variable amplitude control provides an ad- 
ditional 20 dB of attenuation. A voftage- 
controfleddrequency input provides a 
1000:1 ratio of swept frequency 
The FG 507 has all ol the capabilities of 
the FG 501A, plus an internal sweep 
generator to Internally sweep up to three 
decades of frequency with either a li near or 
logarithmic sweep, The log sweep allows 



accurate swepi-frequency plots on log 
scales or paper Separate start and stop 
frequency dials make swept-trequency 
measurements very easy The FG 507 can 
sweep up or down in frequency, depen- 
dent on the selling of the iwo dials A man- 
ual sweep capability is available also, The 
sweep can be Iree-run, or triggered either 
externally or manually A sweep -hold mode 
allows the FG 507 to sweep to the stop 
frequency and remain there until released 



DO SOSA Frequency Counter 

TheDC5G8A Counter, designed to operate 
in a TM 500 Series Power Module, mea- 
sures frequency from 10Hz tot 3 GHz. The 
DC 508A provides a direct input for mea- 
suring frequencies from 10 Hz to 100 MHz 
and a prescaler input for frequencies from 
1 00 MHz to 1 .3 GHz. The DC 508A totalizes 
events from 0 to 999.999,999 over a fre- 
quency range of 10 Hz to 100 MHz, 

A nine-digit display allows resolutions of 
1 kHz tol Hz (0.1 Hz using direct input), An 
audio frequency resolution multiplier in* 
creases resolution by a factor of 100 times 
from 10 Hz to 25 kHz, This feature yields a 
resolution of 0.01 Hz in one second. Auto- 
matic decimal point positioning and blank- 
ing of leading zeros simplifies reading 
the display. 

The direct input sensitivity is 15 mV RMS, 
and prescaler input sensitivity Is 20 mV 
from 100 MHz to 1.1 GHz and 40 mV from 
1.1 GHz to 1.3 GHz The prescaler input has 
a VSWR of 2.2 : 1 or less and is protected by 
an easily-replaceable front-panel fuseTd 
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A New Microprocessor 
Development Family 



New 128-pin 
LSI/VLSI/Hybrid 
Semiconductor Test 
System 




8550 Microcomputer Development Lab 

The Tektronix 8550 Microcomputer Devel- 
opment Lab is the initial member of a new 
family of products (the 8500 Series) thal will 
provide complete design, debugging, 
and integration tools for each of three 
major design environments; the single- 
user lab, multi-user lab, and host- 
computer operation. 

The 8550 is a single-user lab and con- 
sists of two major components the 8301 
Microprocessor Development Unit and the 
8501 Data Management Unit The 8301 
houses the operating system software. 
DGS/50, 32 kilobytes of static system 
memory, 32 kilobytes of static program 
memory, language processor, and 
emulator controller. Options include an 
additional 32 kilobytes of static program 
memory, ihe real-time prototype analyzer, 
and emulator processors. Optional sys- 
tems software includes assemblers tor all 
supported microprocessors, PASCAL and 
MDLV compilers for several supported 
microprocessors, and the Advanced 
CRT-oriented Editor 

The 8501 Data Management Unit 
handles files and auxiliary I/O for DOS/50 
and manages the movement of user files 
between its dual-sided, double-density 
flexible discs and the Microprocessor 
Development Unit Disc memory capacity 
is two megabytes 



The 8550 currently supports the follow- 
ing 0-bit chips: Intel 8085A, 8Q80A, 0048, 
8049, 8041 A. 8339, 8039-6, 8035. 8022, 
8021, Motorola 6800, 6802, 6808; Fairchild 
F8; Moslek 3870, 3872. 3874, 3076; Zilog 
Z80A; Texas Instruments TMS9900, 
SBP9900, RCA 1802; and Rockwell 
6500/A. Tektronix will soon offer full sup- 
port, including emulation, for the Intel 
8086/88, Zilog Z8001/2, the Motorola 
68000 16-bit microcomputers, and the 
Motorola 6809 3-bit microcomputer. 

The 8550 will be compatible with other 
members of the 8500 family. For example, 
the 8550 can be directly integrated into the 
8560, which wi I be a complete microcom- 
puter development system for up to eight 
work stations. Another member, the 8540 
Advanced Integration Unit, will be a self- 
contained peripheral slat on that provides 
hardware/software integration in conjunc- 
tion with a host computer. It also con be 
used to provide 16- bit emulation for a 
single-user system, like the existing 80Q2A, 







S-3275 Semiconductor Test System 

The introduction of the new S-3275 128-pin 
res! system reaffirms Tektronix' commit- 
ment to provide test solutions in a changing 
and increasingly complex environment It 



is consistent with our continuing support 
policy for our customer base 

The S-3275 features state of the art pat- 
tern generation and timing, and has an 
analog bandwidth unmatched in the indus- 
try, An expanded software system im- 
proves memory utilization, increases pro- 
cessing speed, and contains a networking 
option that permits the S-3275 to be inter- 
faced to any large computer. The software 
enhancement is also downward com- 
patible lor all Tektronix S-320G Senes semi- 
conductor test systems. 

The S-3275 has 20-MHz functional 
capability and realtime error togging. The 
system s 128 data channels operate either 
as 64 input and 64 output channels, or as 
6^ input/output channels. 

The pattern processor offers sophisti- 
cated pattern control and sequencing as 
well as algorithmic pattern generation, 
Four bits of pattern data (force, inhibit, 
compare, and mask) are sent by the pro- 
cessor to each pin electronics card at the 
20-MHz rate. Force and compare pattern 
memories are 64 bits by 4k words deep; 
inhibit and mask pattern memories are 64 
bits by Ik word deep. 

In the algorithmic pattern generation 
mode , the pattern processor generates 
12X, 12V, 12Z, 16 force data, and 16 com- 
pare data bits on each cycle. The addres- 
ses can be scrambled by the topological 
memory (4k words by 12 bit), an integral 
part of the pattern processor. 

The clock generator makes 16 clock 
phases available to the test station Sixteen 
sets of timing data, including start, width, 
and cycle time can be programmed and 
selected on a cycle- by-cycle basis by the 
pattern processor, resulting in complex, 
split-cycle timing. 

The networking option, an extension of 
the operating system software, provides 
the interface to user-defined mainframes. 
With the option, the user can interface the 
test system to any large computer to obtain 
central program management ! 
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A Microprocessor 
Development Lab with 
an Expandable Future 
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Designing with microprocessors is a dy- 
namic activity. New applications of the 
device appear daily And tomorrow' s pro- 
cessors will perform even more complex 
tasks Microprocessor users must choose 
their design tools wisely to oe able to take 
full advantage of the processors available 
today and those coming along. 

As microprocessor capabilities increase, 
the size and make-up of design teams will 
change. More extensive programming will 
be needed to effectively put these new 
capabilities to work It is important that the 
design toots you choose today be adaptable 
to your design needs weif into the future. 
The new Tektronix 8500 Modular Microcom- 
puter Development Lab Series is a design 
tool with such flexibility. 

Right now, there are three major ele- 
ments in the series: 

* The 8550 Microcomputer Development 
Lab (MDL), a self contained* single-user 
system that supports 26 different chips, 
including the more popular 1 6-bit pro- 
cessors such as the Z8O01, Z8002, 
68000, 8086, 8088, SBP9900, and 
TMS9900. 

* The 8560 Multi-User Development Lab 
system, which contains a dedicated 
central computer and supports up to 
eight workstations 

* The 8540 Advanced integration Unit for 
performing hardware/software integra- 
tion in host computer environments 





Fig. 1. The 8550 Microcomputer Development Lab is a versatile soli ware development and hard- 
ware/softwara integration system foe microprocessor based product design The system supports 
many popular 8- and 16 bit microprocessors 



The 8560 can accommodate up to eight 
users with any combination of 8550s, 8540s 
or any RS232C terminals. Erhanced per- 
formance is achieved with the Tektronix 
CT8500 Terminal. 

The 8550 ts available now, with the 8560 
and 8540 to follow within the yean 

The 8550 single-user system 

The 8550 Microcomputer Development Lab 
(figure 1) consists of two basic units — the 
8301 Microprocessor Devetopment Unit and 
the 8501 Data Management Unit. Working 
together* these units support both software 
development and hardware/software 
integration. 

The 8301 Microprocessor Development 
Unit houses a system processor with 32 K 
bytes of static system memory, 32K bytes 
of static program memory, a language pro- 
cessor, and an emulator controller There 
is room for plug-in hardware options such 
as emulator processors, an additional 32 K 
bytes of static program memory, a real-time 
prototype analyzer (RTPA), and a PROM 
programmer. The 8301 accommodates up 
to 16 plug-in circuit boards. 

Multiple processor architecture 

The 8301 uses a multiple-processor archi- 
tecture in a master-slave relationship (see 
tigure 2), The system 1 s controller boerd, 
serving as the master processor, runs the 
operating system, directs the input/output 
(I/O) activities for system peripherals, and 
directs all of the other system elements 
such as the emulator controller, language 
processor, FROM programmer, and emu* 
laior processors 

The language processor operates as a 
slave to the system processor and trans- 
lates assembly language or high level lan- 
guage into machine language for the emu- 
lator processor in addition, it runs the edi- 
tors including the high-performance ad- 
vanced CRT editor. 

The emulator processor, which is the 
same type as that to be used in the proto- 
type hardware under development, runs 
user programs and interlaces with the pro- 
totype hardware. Interaction between the 
system and emulator processors is con- 
trol led by the emulator controller under the 
direction of the system processor. The emu- 
lator controller ensures that only one pro- 
cessor has control of the system buses at 
any time 
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Fig. 2. Functional block diagram of the 8301 Microprocessor Development Unit The system uses 
a multiprocessor architecture In a masterfsiave arrangement The system processor {in the 
system controller) serves as the master, with the emulator and language processors serving as 
slaves A highspeed interface provides rapid data transfer between the 8301 and 8501 Data 
Management Unit. 



Management Unit (DMU) as needed, The 
system memory also provides buffer space 
tor I/O activities. 

The primary purpose of the program 
memory ts to store the user program during 
execution by the emulator processor The 
program memory 3190 provides working 
space for the system and assembler pro- 
cessors, but onty during program assembly 
and editing activities. During emulation, alt 
program memory is available for the target 
microprocessor. 

The system processor has access to 
bolh system and program memories. Sever- 
al operating features are avaiiable to speed 
up the transfer of data between memories, 
including direct memory access (DMA), 
memory-tonnemory data transfer and bank 
switching of i6K-byte blocks of data, A 
special high-speed interface port permits 
data transfer between the 8301 and 8501 
al a 153.6 kilobaud rate. 

Several emulation modes are avail- 
able: mode 0. mode 1 , and mode 2 (see 
section on emulation capabilities). When 
operating in emulation mode 1 t a memory 
map function Is available that allows the 
operator to assign 128-byte blocks of mem- 
ory address space to either the program 
memory m the 8301 or the memory in the 
prototype hardware. Assignments can be 
made throughout a total adcress space of 



System bus structure 

The system bus in the 0301 is a 100-line 
bus structure that Is common to all 16 plug- 
in circuit boards. The bus is essentially uni- 
versal in that data, address, and control 
lines are paralleled to al! boards The ex- 
ceptions are the independent debug and in- 
terrupt fines and some control lines for the 
system and emulator processors (see figure 
3) The separate lines result in a virtually 
uncrashabie architecture. 

The memory structure 

In keeping with the multiprocessor concept 
of Tektronix systems, the 8301 memory is 
segmented. The system and program memories 
are identical 32K-byte static random* 
access memories (RAMs). The program 
memory is expandable to 64K bytes by 
adding a plug-in memory module 
The system memory is accessed only by 
the system processor and contains DOS/5G, 
the operating system. The mam resident 
part of DOS/ 50 is transferred into system 
memory at start up, with subroutines loaded 
from the system disc in the 8501 Data 
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Fig. 3. The sysierr bus consists of 100 lines that provide connection to the plug-in circuit boards 
m the 8301 The emulator controller board separates those control and signal lines Ihal are 
dedicated either to the system section or to the program section 
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64 K bytes. This function also allows write 
protection to segments of program mem- 
ory, as selected by Ihe user. 

The 8501 provides highwolume bulk stor* 
age up !o two megabytes on two double- 
density, doubie-sidecfcJisc compatible drives 
with DMA data transfers. A 32K by 16-bil 
dynamic RAM board provides temporary 
storage space for the ffe manager, device 
interrupts, and other functions. 

The 8501 also contains two IK-byte 
read-only memories (ROMs). These ROMs 
contain a boot-up program for loading the 
operating system Into system memory, 
and a set of self-test routines that are pen 
formed at start-up to ensure the 8550 is 
ready for use 

The disc operating system 

The 8550 uses a new operating system 
called DOS/ 50 (for Disc Operating System, 
8550) While similar to TEKDOS {the oper- 
ating system tor Tektronix 8001 and 8002 
MDLs) in many respects, DOS/ 50 provides 
several new options for arranging, manipu- 
lating, and protecting files and a number of 
enhanced debugging commands 

DOS/50 supervises general input and 
outpul, fife creation and maintenance, pro- 
gram assembly and compilation, program 
execution, monitoring and debugging, 

PROM programming, and communication, 

Optional software (such as assemblers) 
can be easily combined with DOS/ 50 on a 
master disc (which can store up to 1 mega- 
byte) giving you the convenience of having 
all of the assemblers, emulators, and com- 
pilers you would normally use, on one 
system disc. 

DOS/ 50 includes several other operating 
conveniences, such as spooling, which 
allows DOS/ 50 to send output to a line 
printer while performing other tasks: and 
type-ahead, which allows you to enter addi- 
tional commands while the previous com- 
mand is executing. 

File management 

The 8501 Data Management Unit handles 
files for DOS/ 50 and manages the move- 
ment of user files between its flexible discs 
and program memory in me 8301 

Data management is simplified by using 
a tree-like file structure (see figure 4), which 
allows the user to specify one main system 
directory, one root directory for each disc, 
and any number ol subdirectories under the 
root directory Data files may be created 
and entered directly into the root directory. 




Fig, 4. An example of the DOS* 50 tree-like 
file structure The "roor of the tree is at 
the top. The rectangles represent directories, 
white the squares represent dale files. 

Arrows indicate a logical connection, from 
which a path can be designated with a file 
specification. 

As files are accumulated, the user may 
organize them Into specific groups, each 
under its own specific directory The user 
may create directories within directories 
to any levet ol nesting desired 

With extensive nesting, the file specifica- 
tion needed lo access a specific file can be 
lengthy and ciindersome to use. DOS/50 
includes a BRIEF command, which allows 
the user to specify a file by a single name. 
This greatly speeds up access to frequently 
used files. 

DOS/ 50 also includes an extensive set 
of file attributes that allow the user to desig- 
nate: the file owner, who can read from or 
write to that file, the date and time of file 
creation* when the file was last written to* 
when it was last accessed, and so forth. 
These attributes are especially helpful in 
keeping a file current when more than one 
user works with the file. 

The assembler software packages for 
the 8550 offer powerful macros, library 
generators, linkers, and other capabilities 
designed to enhance the user's 
productivity. 

Emulation capabilities 

Integrating hardware and software is often 
the most limeconsuming and frustrating 
task encountered in designing a micro- 
processor-based product The 8550 emu- 
lator options allow integration in several 
stages, gradually transferring functions 
from the 8550 to the prolotype. 



Three levels of emulation are available: 

* Mode 0, which uses the B550's clock, 
program memory, and I/O signals to 
run the user's program. The prototype 
hardware is not needed in this mode, 
allowing software deougging to take 
place before the prototype is 
operational, 

* Mode 1, (a partial emulation mode) uses 
the prototype’s clock and I/O services 
Some emulators also allow use of the 
8550 f s 1/0 services in Mode 1. The pro 
gram is run on the emulator, which may 
access both program memory and pro- 
lolype memory. However, full control of 
the system is maintained by the system 
controller A memory map function allows 
assignment of 128*byte blocks of memo- 
ry address space as previously discussed 
in the memory structure section. The 
emulator can operate at full speed using 
either program or prototype memory. 

* Mode 2* (the full emulation mode) uses 
only the prototype's memory, clock, and 
I/O facilities and runs the user program 
under the emulator processor's control. 
The user program can run at full speed, 
so any problems with functions involving 
critical timing relationships car be 
resolved, 

in modes 1 arid 2 t the emulator takes 
ihe place ol the microprocessor that even- 
tually will reside in the prototype, using a 
prototype control probe to connect the pro- 
totype to the emulator. 

The prototype control probe Is a critical 
link in the emulation system The ideal emu- 
lator would be transparent 'o the prototype 
hardware. That is, the prototype would 
function as though the microprocessor 
were plugged directly mto its socket on the 
prototype nardware. In Tek emulators, the 
microprocessor is mounted in the prototype 
control probe pod. dose to the prototype 
microprocessor socket, thus substantially 
reducing the toeding and propagation-lime 
effects normally associated with emulators. 

The real-time prototype analyzer 

The optional real-time prototype analyzer 
{RTPA) enables the designer to locale criti- 
cal timing problems and hardware/software 
sequence problems in the prolotype. The 
RTPA serves in essence, as a logic ana- 
lyzer for an data, addresses, and access 
control on the prototype's microprocessor 
socket A logic probe provides an additional 
eight lines for viewing logic signals anywhere 
on the prototype board. 
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Two New Hard Copy 
Units Feature Low-Cost, 
High-Contrast Copies 







Rg, 1 . The 4811 Hat'd Copy Unit provides fast, c lean, low-cost copies of directvi©w-storage tube 
displays. The companion 4612 provides copies from raster scan displays or other video signal 
sources. 



The RTPA uses a 43-bit buffer to store 
program information captured from the ad- 
dress, data. and control busses The user 
has a high degree of flexibility in selecting 
the data to be stored Every transaction 
can be stored and displayed, or a specific 
window can be stored and analyzed while 
program execution continues at full speed. 

For working with 16-bit designs, a trigger 
trace analyzer (TTA) option will soon be 
available. With a 62*bit wide, high-speed 
buffer, it will be capable of working with bus 
cycle speeds up to 8 MHz, and storing up 
to 16 data bits. 24 address bits, 14 emulator- 
dependent bits, and 8 bits from external 
hardware. Up to four independent events 
can be combined in both logical and se- 
quential combinations to form a breakpoint 
or data storage trigger 

The PROM programmer 

The user's final step in integrating the hard- 
ware and software is committing the pro- 
gram lo PROM and evaluating its perform- 
ance \n the prototype A PROM program- 
mer option for the 6550 will soon be avail- 
able that provides the capability to burn a 
PROM with data from program or prototype 
memory, read data from a PROM into pro- 
gram or prototype memory, or compare 
the PROM s contenis with the contents of 
memory The 8550 PROM programmer will 
support the Intel and Texas Instruments 
2716, 2732. and Intel 8741, 8748, 8749 
and 8755 PROMs 

Concfusion 

As microprocessors become more numer- 
ous and their capabilities expand, the 
number of people involved in putting micro- 
processors to work wiJI increase drastically 
Software development and hardware/soft- 
ware integration will become a larger pan 
of total project design time and expense 

The microprocessor development loots 
you choose loday should meet your design 
needs tomorrow. The Tektronix 8500 Modu- 
lar Microcomputer Development Lab Series 
will give you the flexibility to expand your 
design system as your needs expand ■ 



Very early m its experience with computer 
graphic displays, Tektronix recognized the 
need for what ss now commonly known as 
a "hard copy unit" *— a dev tee that con- 
nects to a termirat or monitor and repro- 
duces, on paper, all of the graphic and 
alphanumeric information that appears on 
the screen. The concept is to reproduce in- 
formation quickly (in less than 30 seconds) 
ana conveniently so that the operator need 
only press a button to obtain a copy This 
gives the operator the freedom to request 
copies as often as needed, with a minimum 
of interruption in Ihe work Mew. 

Quick hard copies of this kind are excel- 
lent working documents to annotate and 
edit as an aid to program development and 
debugging They a iso serve as permanent 
records for the fit* — documenting, for ex- 
ample, intermediate steps of an important 
work session with the computer terminal. 
High-qualily hard copies are often incorpo- 
rated into reports and presentations And 
when you require extremely high-quality 
(camera ready) output, hard copies provide 
a quick preview and a chance to screen in- 
formation for errors before sending It to a 



plotter for final production. This capability 
becomes particularly important when Ihe 
display is complex and final plotting can 
take several minutes, 

A history of expertise in 
et ec trophot og raph i c s 

Tektronix introduced its firs! hard copy unit 
in 1971, and has since developed a broad 
line Of copiers (see figure 2). Prior to the 
introduction of the new 461 1 and 461 2 t 
all ot the Tektronix devices were based 
on electrophotographic technology. As 
the name implies, electrophotography Is 
a photographic process, based on light- 
exposure techniques. Information to be 
copied from Ihe display is brought into Ihe 
hard copy unit and processed Portions of 
ihe information are then displayed on a 
small cathode ray lube (CRT) located inside 
Ihe hard copy unit. Light-sensitive paper 
containing a dry stiver emulsion passes by 
the face of tiie hard-copy CRT, and thus is 
exposed to the same image as appears on 
the display to be copied. Bundles of tiny 
fiber-optic pipes keep the light from diffus- 
ing as il travels through the CRT faceplate 
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to the paper, The paper is heat-developed^ 
with the end result being a very crisp, clear 
image of the original disoiay. 

The electrophotographic technique has 
several advantages over other hard-copy 
techniques. The process uses no toner, 
and Image quality is very high But the 
technique's most important advantage is its 
ability to produce true continuous-lone gray 
shades. Most other technologies must 
simulate gray shading by using half toning 
methods — that & by varying the dot sizes 
or spacing between dots to represent dif- 
ferent shades of gray. 

The ability of electrophotography to pro- 
duce true gray shading makes the Tektronix 
devices using this technique excel in pro- 
viding working cppies from sophisticated 
image-processing systems with twelve or 
more shades of gray (the 4634 Imaging 
Hard Copy Unit), and tor providing btack 
and white copies of raster-scan color ter- 
minal displays (the 4632 Video Hard Copy 
Unit). 

The expansion into electrostatic 
technology 

The new Tektronix 461 1 and 4612 Hard 
Copy Units are based on electrostatic 
technology — a technique involving the 
Ira refer of an electrical charge to paper. In- 
coming information about the image to be 
copied is processed and sent to a printing 
mechanism which ’ deposits" the image in 
its preliminary form as tiny points of elec* 
trical charge The charged points on the 



paper then attract particles of a black toner, 
making the image visible on the paper. 

We have already discussed the advan- 
tages of elecfrophoiographic light-exposure 
techniques Why. then, expand into elec- 
trostatic technology and create the 461 1 
and 461 2^ Because electrostatic technol- 
ogy has some strong advantages of its 
own The pape r used In the process Is ex- 
cellent Called “electrogfaphic" or dielec- 
tric." the paper has the look, teel, and 
handling characteristics of ptain oond 
paper. The front skJe of the paper has an 
extremely thin pfaslc layer that aids in the 
charge-transfer process and ts barely per- 
ceptible to the touch. Copies can be anno- 
tated with any kind oj writing medium, in- 
cluding fell-tip and other liquid pens. Images 
are permanent with no lendency to age 
with exposure :o heat or light 

Images made using electrostatic tech- 
niques are very high in contrast. That is, 
lines and characters are crisp and black on 
a very white background And — - perhaps 
the most significant advantage of electro- 
statics — the paper is very inexpensive, 
resulting in a copy cost less than one-third 
that of the dry silver paper used in electro- 
photographic copiers. 

The 461 1 and 4612 Hard Copy Units have 
all of these properties inherent to electro- 
static technology In addition, the 4611 and 
4612 are based on an innovative implemen- 
tation of the technology — one which 
brings advantages of Its own. The imple- 



mentation developed at Tektronix allows a 
lower base unit price than previously possi- 
ble for an electrostatic hard-copy device It 
also improves both image quality and oper- 
ator convenience, and permits a very conrt- 
pacl design. The 461 1 and 4612 are only 
sixteen inches wide, seven inches high, 
and weigh just forty-five pounds. 

A moving stylus for lower cost 
and better image 

In most electrostatic copiers, charge 
transfer is achieved using a matrix of fixed- 
wre styii as wide as the paper being 
imaged. With up to 200 styii per inch, the 
manufacturing cost of this matrix and the 
electronics necessary to drive each styfus 
is high. The 4611 and 4612 use a novel ap- 
proach — a moving stainless steel bell with 
raised styii in contact with Ihe paper (see 
figure 3), This belt and the associated drive 
electronics are much less complex than the 
wire matrix and its drive circuitry, and thus 
less costly to manufacture. An added bene- 
fit of the moving styii is the ability fo posi- 
tion adjacent dots with significant overlap 
to achieve smoother and darker tines and 
characters, This is illustrated in figure 4. 

As you can see, the line on the right Is 
smoother and more easily integrated by 
the eye. This is due to high addressability 
(number of dots per inch) and significant 
dot overlap 

Dry toner for less mess and more 
consistent image density 

Most electrostatic instruments use liquid- 
toning systems. Liquid toner consists of a 
suspension fluid (usually tsopar, a highly 
refined form of kerosene) containing sus- 
pended, black, charged particles that are 
attracted to imaged areas when this liquid 
is pumped against the paper These 
systems have several disadvantages — the 
liquids are messy and inconvenient, and as 
copies are made, the black particles are 
used up resulting In a progressively lighter 
image. Copies can become faint and hard 
to read. Both concentrate and suspension 
ftuid must be added periodically to maintain 
proper image density. Also, if the paper sits 
slill for any length of time in contact with 
the liquid applicator, the toner seeps nto 
the paper and leaves a gray smudge. 

In contrast, the 4611 and 4612 are Ihe 
first desktop terminal copiers to use dry, 
single-component, magnetic toner. This 
powder is inert and nontoxic and consists 
of particles that are a uniform mix of 




Fig. Z The Tektronix family tree of copiers includes units that provide, in seconds, high image- 
quail iy copies of direct- view-storage lube and raster scan displays. A line-scan recorder and a 
unit providing extensive gray scale (photographic) capabilities are also available, The 461 1 and 
4612 are Ihe newest members of the family. 
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Fig. 3. The 46H and 4612 employ a unique means of applying charge to the paper. A OOOt inch 
thick stamiess steel belt contains carbide styli attached lo raised triangular portions ot the Deft 
Two ot the styli are in contact with the paper at any point in time 



carbon, wax. and magnetite. The most sig- 
nificant benefit of single-component loner is 
consistent image quality. As toner is used 
up in making copies, image density is con- 
sistent until the toner is almost compielely 
gone One loading of powder (about five 
ounces) will produce approximately 2,500 
copies. Another important advantage is that 
there are no liquids or separate elements to 
mix, a major step in user convenience. 

The inside story 

A schematic of the 4611 and 4612 printing 
mechantsm and charge-transfer process is 
shown in figure 3 A latent image is created 
on dielectric paper by charge transfer from 
a carbide stylus attached to a moving 
stainless steel belt The belt scans across 
the paper as the paper is being pulled 
Through the instrument, forming a raster- 
scan image. The 0.001-inch thick belt has 
raised triangular sections with a carbide 
writing stylus attached to the tip of each 
section. The belt also has square holes 
located In fixed relation to each stylus, to 
provide position-sensing by an optical 
detector. The bell runs on a set of 8-lnch 
circumference crowned pulleys. One pulley 
is dnven at approximately 2500 revolutions 
per minute by an induction motor, giving 
the belt a linear velocity of 330 inches per 
second. The total copy time tor an ivmch 
piece of paper is 24 seconds 



Two optical detectors provide position 
information to control image placement. 
One detector looks al holes in the belt, pro- 
ducing a signal each time a stylus starts at 
the left edge of the paper The second 
detector looks at an encoder disc attached 
lo the drive pulley As the pulley rotates, 
output pulses from the detector provide bell 
linear motion and position information. The 
resolution of the encoder on the drive 
pulley gives 2048 imageable positions per 
eight inches of stylus travel (one revolution 



of the drive pulley) This arrangement is 
how the high addressability (256 points per 
inch) arid dot overlap are obtained to give 
the line quality shown in figure 4 

Charge ts deposited on the very thin non- 
conductive coaling on the surface of the 
paper Charge transfer occurs via air-gap 
breakdown when a potential difference of 
650 volts exists between the writing stylus 
and a backing electrode In contact with the 
conductive backside of the paper. The air 
gap is caused by paper-surface roughness 
The stainless steel belt is biased at -250 
volts and the backing electrode is driven 
from zero to + 400 volts when an image 
is desired on the paper, Negigibie charge 
transfer occurs with a voltage referential 
of less than 300 volts, 

Two styli are on ihe page ai any one 
time. Using two styli requires a segmented 
backing electrode and slightly more com- 
plex eteclromcs, but produces approximate- 
ly twice the printing speed possible with a 
single stylus. The controlling circuitry moni- 
tors position signals from the two optical 
detectors and applies voltage to the appro- 
priate backing electrodes) when either 
stylus is in a position where image infor- 
mation is desired, 

After receiving the charge image, the 
paper moves past an applicator, where 
single-component magnetic toner is trans- 
ferred to the charged areas on the paper 
(figure 5), Because the toner particles are 
magnetic, they form chains along the lines 
of flux from the magnet. As the magnet 
rotates, these chains are brushed against 
the surface ol the paper. Because the toner 




Rg. 4 . Line quality is a function of doi overlap and the number of addressable points. The 461 1 
and 4612 have an addressability of 256 dots per inch horizontally and 170 dots per Inch vertically 
Pot overlap ts greater than 60 percent in Ihe horizontal direction and 40 percent in ihe vertical 
direction. 
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Obtaining a Hard Copy from 
a Cathode Ray Tube Display 



V. 



-\ 




It is often desirable to make a perma- 
nent copy of the information displayed 
on a cathode ray tube (CRT) screen, 

CRT hard copying is the process of 
transferring a temporary image from a 
CRT screen to a piece of paper, "Hard'" 
refers to the ability to touch the results, 
and means that the image doesn't 
disappear when power is turned off. 
"Copy" means that what you see on the 
screen is what you want on the paper. 

The first basic element of any hard- 
copy process is to acquire the image 
information. 

In direct-view-storage tubes (DVSTs) 
the image is stored in the phosphor on 
the surface of the screen. This process 
means that we must scan the phosphor 
screen to obtain image information for 
making a copy, To determine whether 
any given point on the screen has 
stored information, we position the 
electron beam to that location and turn 
it on, but without the intensity required 
to store that point. A sense amplifier on 
the storage backplate can determine 
whether or not that point has stored in- 
formation, because secondary emission 
is different for written and nonwritten 
areas of the phosphor. The image may 
be read by moving the electron beam 



from point to point in a raster-scan 
fashion until the entire screen has 
been covered, 

In a raster-scan terminal, the image is 
stored in semiconductor memory and 
constantly refreshed on a CRT screen. 
The image is commonly available as a 
composite video signal. This signal con- 
sists of timing pulses and picture data, 
repeating at the refresh rate of the ter- 
minal, RS-170 1 is commonly used in the 
television industry for specifying format, 
timing, and voltage requirements of a 



monochrome composite video signal. 
The composite video provided by most 
CRT terminals follows the basic format 
of RS-170 but may vary somewhat in 
specific timing or voltage levels. Once 
you have a composite video signal and 
know its voltage and timing character- 
istics, it is fairly straightforward to sam- 
ple the image information. 

( EIA RS-170: Electrical Performance 
Standard — Monochrome Television 
Studio Facilities 
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Fig. 5. A new dry toner overcomes the Inconvenience and mess typical of 
liquid toners, and yields a uniform -density, high-contrast copy every time. 



is also conductive, as the end of a chain 
approaches a charged area on the paper, 
like charges are repelled, giving the end of 
the chain an opposite charge that bonds 
toner to the charged areas. In nonimaged 
areas t magnetic force pulls the toner par- 
ticles back to the applicator, leaving very 
little background, The toner particles are 
fused to the paper by heat from a metal 
fusing bar contacting the backside of the 
paper. This bar rotates downward when the 
copier is quiescent to prevent excessive 
heating of the paper, This action also 
prevents the operator from being able to 
accidentally touch the hot surface when 
loading paper. 

The benefits of a modular design 

An outline drawing of the assemblies in 
the 461 1 and 4612 is shown in figure 6. 

All major sections of the instrument can 
be assembled and tested separately. This 
capability provides significant benefits for 
both field service and the manufacturing 
line. Repair time in the field Is much shorter 
because almost any failure can be fixed by 
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Fig, 6, The 4611 and 4612 consist of several subassemblies which are bull! and tesled as in- 
dividual modules Modular design and construction simplifies both manufacture and service* 



merely exchanging assemblies. On the 
manufacturing line, modularity allows for an 
efficient division of labor. Those items that 
require precision assembly are produced at 
the module level, independent of the flow of 
final instrument assembly. This technique 
simplifies final assembly to mainly coupling 
together completed subassemblies. 

An emphasis on reliability 

Attention was given to reliability at every 
design phase of the 461 1 and 4612. Steps 
taken included subjecting critical median' 
ical components to extensive life-tests to 
detect possible failure modes and cor reel 
them, implementing well-established proce- 
dures for elevated-temperature life testing 
of ihe electronic circuitry, and putting early 
production Instruments through environ- 
mental and life tests to ensure that the 

461 1 and 4612 would meet or exceed 
all design goals prior to start of product 
shipment. 

The aluminum die-cast top and bottom 
instrument covers used on the 4611 and 

4612 are examples of the commitment to 
product reliability Although more expensive 
lhan plastic or structural foam, the die 
castings offer several advantages that off- 
set the extra cost. Internal heat rise is an 
important reliability factor. The power-supply 
heat-producing elements in the instruments 



are tied directly to the bottom casting. 
Because of the excellent heat conduction 
and radiation properties of aluminum, and 
the large area of the top and bottom 
covers, no coating fan is required Good 
electrical shielding, greater structural 
strength, and smaller size are other benefits 
derived from using aluminum castings. 

Summary 

The 4611 and 4612 Hard Copy Units 
employ unique electrostatic technology to 
produce sharp, nigh-contrast, permanent 
images of direct-vrew-storage tube, rasler- 
scan, and other video displays With their 
ease of operation and low copy cost the 
4611 and 4612 are ideal complements to 
the Tektronix 4630 Series of high image 
qualHy copiers, 
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Electronic systems pervade our commer- 
cial, industrial and defense activities. Effec- 
tive maintenance of these systems requires 
large numbers of skilled personnel and lest 
equipment However, the use ol automated 
checkout procedures and equipment can 
substantially reduce the lime required to 
maintain these electronic systems. 

Programs are now underway in the 
armed services to extend automated check- 
out to maintenance of the lest equipment, 
itself The goal is to reduce the time and 
skill level required to verify calibration of 
test instruments used in large numbers, 

The Teklrorix GG 551 AP Programmable 
Calibration Generator was developed lo 
meet such a need. Designed primarily for 
oscilloscope calibration, it is also useful for 
checking other test instrument 

The CG 55IAP packs all of the signals 
(except sine waves) needed to characterize 
oscilloscope performance, into one smali, 
rugged package, included are calibrated 
liming signals from five seconds to 0.4 
nanoseconds, voltage amplitudes from 40 
microvolts to 200 volts, current outputs 
from 1 milliamp to 100 milliamps, and fast, 
clean edges with risetimes of 200 pico- 
seconds or less (using the Programmable 
Pulse Head accessory). 





Fig. 1, The GG 551 AP Programmable Calibration Generator provides six different lypes of signals 
useful In checking or calibrating oscilloscopes 



The CG 551 AP is intended for use in a 
lest system that uses the IEEE-488 Gen- 
eral Purpose Interface Bus (GPIB) and a 
controller. 

In a typical operation, the operator em- 
ploys a program prepared for the particular 
oscilloscope under test. The program in- 
structs Ihe operator, via the controller dis- 
play, how to set the oscilloscope controls. 
The controller then programs Ihe CG 551AP 
(via the GPIB) to output the appropriate test 
signal to the oscilloscope. The GG 551AP 
display shows the parameters of the test 
signal selected, If the osci loscope parame- 
ter being checked is not in perfect calibra- 
tion, the operator manually adjusts a con- 
trol on Ihe CG 551AP's front panel so that 
the OG 551AP’s output matches the oscillo- 
scope's calibration. The percent of devia- 
tion from the standard, and whether the 
oscilloscope setting is slow, last, low, or 
high, is displayed on the CG 551AP read- 
out. The data from the CG 551 AP s display 
and the OG 551AP's control settings can 
be sent (via the GPIB) to Ihe controller and 
then to a hard copy unit to produce a 
permanent calibration record. 

Microprocessor based control 

The CG 551 AP r s system architecture is de- 
signed around the Motorola MC6800 micro- 
processor, The MC6800 was chosen be- 
cause Its capabilities best meet the require- 
ments of the CG 551AP, and a family of 
support chips was available to handle the 
input/output, GPIB interface, and other 
elements of the design. 

A block diagram of the central process- 
ing section of the CG 551AP is shown in 
figure 2. Firmware instructions for system 
operation occupy four kilobytes of read only 
memory (ROM). Elevervbit addressability 
provides the capability of storing up to 
8,192 instructions. 

Temporary storage for programming op- 
erations is provided by one kilobyte of static 
random access memory (RAM). A smaller 
section of RAM (256 bytes) contains 
CG 551AP calibration constants, default 
values, and other data that need to be 
preserved when the Instrument is powered 
down A battery supplies power to (his RAM 
during power down. 

The microprocessor Interfaces to the 
GPIB through an MC68488 general purpose 
interface adapter. Two kilobytes of ROM 
siore instructions for the GPIB function. 
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fig. Z Simplified block diagram oi the central processor section of me CG 551 AP. The 
CG 551 AP is designed for use with a controller trial communicates via the General Purpose 
Interface Bus 



Communication between the micropro- 
cessor and the CG 551 AP front-panel con- 
trols is vta an MC6821 peripheral interface 
adapter (PIA). Another MC6321 provides 
interface with the amplitude, edge, and 
timing circuits. 

The from-panel TIME/D IV and VARIABLE 
controls use an optical switch lo generate a 
Gray-code signal. (Gray-code is a binary 
code in which sequential numbers are rep- 
resented by binary expressions, each of 
which differs from the preceding expression 
in one place only; for example, 0000, 0001 , 
0011, etc,), The optical switch contains two 
Gray-encoded discs When the operator 
rotates either control, the slotted discs In- 
terrupt a light source that illuminates four 
photocells. Output from the photocells pro- 
vide position information to the micropro- 
cessor, which thereby determines which 
control was turned and In which direction. 
As the control rotates, the microprocessor 
increments or decrements an internal firm- 
ware counter and programs the amplitude 
or timing section to produce the appro- 
priate output. 

When a front panel control or push 
button is changed, or when a command is 
received via the GPIB to change the front- 
panel settings, the microprocessor re- 
spends by sending serial data from memory 
to control data registers in the liming and 
amplitude sections of the CG 551AP The 
serial data in each data register is latched 



to parallel output slages by high-level strobe 
signals The latched data determines the 
characteristics of the output waveform to 
be generated by the CG 551AP 

Low noise generation a must 

To produce clean, low-level amplitude 
signals and jitter-free high-speed timing 
signals requires a design that limits the 
extraneous noise coupled into the analog 
circuitry. Several CG 551AP design ele- 
ments reflect this concern, specifically the 
use of; 

• serial data transfer in the analog 
sections, 

• a separate power supply for the cen- 
tral processing unit, 

• shielding of amplitude section power 
supplies, and 

• shielded, multicompartment, aluminum 
castings for the timing circuitry. 

Powering up only the circuitry needed lo 
perform a given function reduces power 
consumption, limits internal temperature 
rise, and eliminates potential sources of 
noise 

The timing circuitry 

A simplified block diagram of the timing and 
amplitude circuitry is shown in figure 3. The 
main timing generator provides the liming 
signals tor all modes of operation. The 100 
MHz main VCO oulpul drives the lime mark 
generator circuitry, while the 1-MHz refer* 
ence oscillator serves the dual function of 



reference frequency for the main VCO and 
timing source for the chopping circuitry in 
the amplitude seciion. 

The main VCO operates at a nominal 
center frequency ol 100 MHz and is phase- 
toe <ed to the 1-M Hz reference oscillator 
The frequency ot the main VCO is changed 
in 100 kHz steps over a range of ±9,9 per- 
cent by ine fronl-panei VARIABLE control. 
The purpose of the main VCO steering loop 
is to set the main VCO to the correct har- 
monic of 100 kHz, once this Is accom- 
plished, the steering loop disconnects and 
the sampling loop takes over to keep the 
mam VCO on that harmonic. 

Time markers covering the range from 
10 n$ to 5 seconds are derive d from the 
100 MHz main VCO frequency by using 
countdown circuits. The markers are 
shaped to provide optimum resolution, with 
equal rise and fall times anc a base width 
of about four percent of the period. When 
operating in the MAG XI 0 mode, every 
tenth marker is increased In amplitude for 
convenience in checking the timing and 
linearity of magnified sweeps. For checking 
fast sweeps, a technique called "siewed- 
edge" timing is used lo generate timing 
signals from 0,4 nanoseconds to 100 nano- 
seconds. The slewed-edge technique is 
discussed in an article on page i A . 

The amplitude section 

The standard amplitude calibrator (SAC) 
section of the CG 651AP provides voltage 
and currenl amplitude signals over a range 
of 40 microvolts to 200 volts and 1 milllamp 
to 100 milliamps, respectively. Pulses with 
clean, fast risettmes for checking oscillo- 
scope vertical amplifier response also orig- 
inate in the amplitude section. 

Two floating power supplies — low volt- 
age and high voltage — provide dc oper- 
ating voltage for ihe SAC circuitry. Each 
supply can be enabled independently to 
power-up only Ihose circuits needed for 
the function programmed 

A reference data register and floating 
data register accept and store serial data 
Irom the microprocessor* to set up the SAC 
circuits A programmable voltage reference, 
which includes a multiplying digifaJ-to-analog 
converter, converts a 10-bit digital ssgnai io 
an equivalent dc analog voltage. This volt- 
age is applied to a programmable precision 
resistive divider which provides a choice of 
eight voltage levels. The output of the divid- 
er goes to a level translator (not shown) 
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Fig. 3, Simplified block diagram of the timing and amplitude sections of the CG 551AP Multiple output amplifiers maintain Hnearlly and accuracy 
over a wide range of output amplitudes, 



and a voltage-to-currenl converter, bolh 
programmed by the floating data registers. 
Two separate amplifiers — LOW SAC and 
HIGH SAC — are used to handle the wide 
range of output voltage available, The LOW 
SAC amplifier provides outputs in the 0,1 
volt to 10 volt range, and the HIGH SAC 
covers the 10 volt to 200 volt range, A SAC 
attenuator provides precision attenuation of 
the signal to generate voltages from 80 
millivolts to 40 microvolts, 

Three separate amplifiers are used to 
cover the wide range of edge signals and 
maintain fast clean outputs, 

A single output connector 

To make a programmable calibration sys- 
tem truly effective, all of the calibrated out- 
put signals from the calibration generator 
should be available at a single output con' 
nector. In the case ol the CG 551AP, this 
task was no small undertaking. Output sig- 



nal amplitudes range from 40 microvolts to 
200 volts (necessitating a differential output 
and operator safeguards); timing signals 
range from 5 seconds to 0.4 nanoseconds; 
and aberration-free pulses with risetimes ol 
1.3 to 100 nanoseconds and amplitudes of 
20 millivolts lo 100 volts are available, 
(Pulse risetimes of less than 200 picosec- 
onds are available using a programmable 
pulse head accessory that plugs into the 
output connector). 

To handle this wide range of signals, 
a magnetic latching relay was designed 
which uses a contact structure similar to 
that developed for Tektronix cam switches. 
A matrix of these relays provide program- 
mable switching of the various signals to 
the single output connector. 

The output connector, Itself, required 
considerable design effort. If provides a 
floating outpul for differential signals, sup- 
plies + 10 volts and - 1G volts for the 



pulse head accessory, and meets safety 
requirements for the high-level signal outputs. 

Programming the CG 551 AP 

Programming and remote control of the 
CG 551 AP is accomplished via the GPIB. 

The CG 551AP can be both a talker and 
listener outputting data to, as well as 
receiving set-up instructions from, the 
GPIB controller, 

All of the CG 551AP output lunctsons 
are programmable using either high-level or 
low-level remote control messages. High- 
level messages are sent in ASCII and the 
CG 551AP responds in ASCII. Low-level 
messages begin with an ASCII control char- 
acter followed by data in 8 bil binary bytes. 
Low-level commands require much less 
space in the controller's memory than do 
high-level commands, However, only the 
functions of changing the 13 basic settings 
and the setting query (SET?) are imple- 
mented in low-level language. 
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Self lest capabilities 

To assure the operator that his calibration 
system is functioning properly, the 
CG 551AP performs extensive self 'test 
routines, When power is applied, self- test 
routines check the Internal memory, inter- 
nal shift registers, conditions in the timing 
and amplitude sections, and calibration 
constants saved in the battery-maintained 
section of RAM Almost eighty error codes 
are available for display on the CG 551AP's 
readout, to pinpoint circuit malfunctions or 
programming errors. 

Summary 

The CG 551AP can generate most of the 
signals needed to characterize an oscillo- 
scope's performance. It is intended for 
use in a calibration system employing the 
IEEE-488 GPIB and a controller. The pro- 
grammable signals are brought out to a 
single front-panel connector, greatly ex- 
pediting the calibration function. The 
CG 551AP is designed to meet both com- 
mercial and military needs for a reliable, 
accurate, programmable calibration source 
for automated instrument checkout, 
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Slewed-Edge Signals Simplify 
Fast-Sweep Timing 



Most modern oscilloscopes are design- 
ed for pulse-type applications, They are 
optimized to provide a dean transient 
response, solid triggering on pulse- type 
signals, and fast sweeps for resolving 
pulse timing relationships. 

Typically, it is difficult to accurately 
calibrate the faster sweeps on oscillo- 
scopes because of limitations imposed 
by the calibration signals available Many 
calibration generators use a 1 -megahertz, 
crystal-controlled oscillator as a refer- 
ence frequency source. Frequency mul- 
tipliers are then used lo generate the 
higher frequency time marks, which are 
output as sine waves. Usually, the 
higher the output frequency. Ihe lower 
the signal amplitude, and the more pre- 
dominate the subharmonic con ten I in 
the signal. 

The vertical amplifier bandwidth of the 
oscilloscope being calibrated oflen can't 
pass these high-frequency sine waves, 
resulting in a very limited display ampli- 
tude ol the calibration signal. The sub- 
harmonic distortion present in the lest 
signal is magnified under these condi- 
tions, making accurate calibration even 
more difficult, 

A new approach 

The Tektronix CG 551 AP Programmable 
Calibration Generator uses a different 
technique to generate last timing 
signals. This slewed-edge technique 
uses the leading edges of fast-rise 
pulses as time markers. 

The slewed-edge circuitry generates 
a series of paired pulses. The first pulse 
in each pair is the trigger pulse — the 
second is the slewed-edge pulse The 
trigger pulse starts the oscilloscope's 
horizontal sweep. The circuitry then gen- 
erates the slewed-edge pulse so thal the 
leading edge of the pulse is displayed on 
the first vertical graticule line on the 
cathode ray tube (CRT), The pulse length 
Is such that only the leading edge ap- 
pears on screen, 

After a period of time sufficient to let 
the sweep run and be reset; the circuit 
generates another trigger pulse. The 
next slewed-edge pulse is delayed so 
thal it is displayed at the second vertical 
graticule fine (one sweep division) on the 
CRT On each subsequent sweep, the 
delay between Ihe I rigger and stewed- 



edge pulse advances the displayed edge 
one sweep division. This procedure con- 
tinues until a slewed edge is displayed 
for each sweep division (see figure 1). 
The slewed-edge pattern is repeated at 
a rale that produces a flicker-tree 
display on the oscilloscope under test. 




Ftg, 1 , A single slewed edge Js displayed 
during each sweep. Subsequent slewed 
edges are delayed tram the trigger pulse by 
linearly-increasing increments of time to pro 
dues a display similar to I hat shown In (c) 
above, 

The slewed-edge circuits 

A s mplified block diagram of the 
siewed-edge circuit is shown at right 
The generation of slewed edges requires 
two oscillators running at slightly dif- 
ferent frequencies. A 100 MHz variable 
reference clock supplies timing for the 
circuit. The reference frequency is divid- 
ed by two to obtain a trigger clock with 
a time period of 20 nanoseconds (50 
MHz), An offset VCO, phase locked to 
the trigger clock timing source, gener- 
ates a slewing clock with a time period 
of 20.5 nanoseconds (48.78 MHz), 

The periods of both the trigger and 
slewing-edge clocks are divided further 
before the pulses are generated. The 
microprocessor calculates the divider 
values based on two requirements: the 
period between trigger pulses must be 
greater than Ihe sum of the sweep run 



v. 
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and holdofl limes (in the CG 551AP, 
maximum holdoff time is arbitrarily 
selected as 3500 nanoseconds); and the 
incremental delay time between the trig- 
ger and slewed-edge pulses must pro- 
vide a spacing of one sweep division 
between each pair of displayed pulses. 
The time base setting to be calibrated 
determines what the delay between the 
trigger and stewed edge pulses should 
be. The trigger and stewed-edge dividers 
each contain two sets of values {or 
counts), referred to as initial and offset 
counts. The initial counts are used to 
generate only the first pair of trigger and 
slewed-edge pulses, and are usually cal* 
culated so the trigger and slewed-edge 
pulses are generated simultaneously. 

The offset counts are used to gener- 
ate all subsequent pairs of trigger and 
slewed-edge pulses, and are calculated 
to allow a delay of one sweep division 
between Ihe displayed edges. 

With a trigger clock period of 20 
nanoseconds and a slewed-edge clock 
period of 20.5 nanoseconds, we have a 
0.5 nanosecond time difference between 
the leading edges of the two clocks. If 
we count multiple cycles of both clocks 
we can select any multiple of 0.5 nano- 
seconds we desire. For example, four 
counls of the trigger clock equals SO 
nanoseconds and four counts of the 
slewing clock equals 82 nanoseconds, 
for a difference of two nanoseconds. In 
selecting the initial counts, we must cal- 



culate counts for the respective clocks 
that will result in a period of 3500 nano- 
seconds or longer and also result in 
lime coincidence of the two clocks. 
Choosing an initial count of 205 for the 
trigger dock divider and 200 for the 
slewed clock divider results in coincident 
1 rigger and slewed pulses after A 100 
nanoseconds (205 x 20 ns = 200 x 
20.5 ns = 4100 ns). 

If we want to generate a delay of two 
nanoseconds between the trigger and 
the slewed-edge pulses, the micropro- 
cessor must select offset counts of 209 
for the trigger dock divider and 204 for 
the slewed-edge dock divider 

After the microprocessor selects the 
counts for the dividers, the sync signal 
starts the counters in the trigger and 
slewed-edge dividers al the instant when 
the trigger clock and slewing edge clock 
pulses are coincident. With the initial 
trigger divider count set at 205 and the 
slewed-edge divider count sel at 200, 
the first trigger and slewed-edge pulses 
are generated simultaneously Without 
slopping the counters, the control logic 
switches the dividers to the offset 
counts (209 and 204), which causes the 
second stewed edge to occur iwo nano- 
seconds after ihe second trigger pulse. 
Retaining the same offset counls in- 
creases the delay between the trigger 
and slewed-edge pulses by two nano- 
seconds on each sweep. That is, the 
third slewed edge is delayed four nano- 



seconds after the third trigger pulse; the 
fourth slewed pulse is delayed six nano- 
seconds after the fourth trigger pulse, 
and so on, 

The process continues until 15 
slewed-edge markers have been gener- 
ated. Al this point, the edge counter 
directs the control logic to stop gener- 
ating edges. When the conlrol logic re- 
ceives Ihe next sync signal, the slewed- 
edge pattern is repeated, starting again 
with the initial counts of 205 and 200. 

The shift feature 

In an oscilloscope, (here Is an inherent 
delay between the trigger and the start 
of the sweep. A delay line is inserted in 
the vertical signal path to compensate 
for this delay At the faster sweeps, the 
two delays usually do not match exactly. 
The result is that the slewed-edge pal- 
tern may appear to be shifted to the left 
or the right on the screen. 

The CG 551AP has front-panel push 
Pultons that allow you to shifl the 
slewed-edge pattern to the left or righl 
one sweep division at a time. Internally, 
the shift is accomplished by modifying 
the initial counts in the trigger and 
slewed-edge dividers to adjust the delay 
between the first trigger pulse and the 
first siewed-edge pulse. The shift capa- 
bility is also useful when calibrating 
magnified sweeps. 

Summary 

The slewed-edge technique offers a 
convenient, precise method of calk 
brsting Ihe faster sweep speeds typical 
of today s oscilloscopes. The slewed- 
edge signal may well become a stan- 
dard feature on calibration generators 
of :he future. M 




Fig. 2. Simplified block diagram of Hie slewod-eiJqe circuitry. The outputs of two clocks running 
al slightly different frequencies are divided down lo produce precise, short lime intervals be- 
tween the trigger and slewed-edge out puls. 



New Products 

New High Performance 
Universal Counter/Timer 



A New Pulse Generator 
for the TM 500 Series 




PG 507 50-MHz Dual Output Pulse Generator 

The PG 507 adds new capability to 
Tektronix' pulse generator line — simulta- 
neous, normal or complementary dual pulse 
output at frequencies up to 50 MHz, Dual 
pulse outputs are useful in many applies 
tions, such as digital line driver simulation, 
control circuit testing, differential amplifier 
testing, and multiplexer design. 

The PG 507 uses the versatile input and 
timing circuitry of the PG 508, and adds a 
second output in place of the variable rise/ 
fall time capability. Output amplitude is ad- 
justable up to 7 5 V p-p inlo 50 ohms and 
15 V into an open circuit. High and low 
level output controls allow you to position 



I he output pulses In ± 7,5 V and ± 15 V 
windows, respectively. Pulse risetime is 
3,5 ns into 50 ohms. 

You can select pulse periods from 20 ns 
to 200 ms and pulse durations from 10 ns 
to 100 ms Jitter is 0.1 % + 50 ps< The 
PG 507 can be gated or triggered externally 
or manually, or be free run. A three-state 
trigger light tells you whether the input trig- 
ger [eve I is above or below the TRIGGER/ 
GATE LEVEL control setting, and flashes 
when the PG 507 is being triggered. It, 
thus, can serve as a logic probe as well as 
being an operating convenience. ■ 



The new DC 509 Universal Counter/Timer 
is a microprocessor-based, dual- channel in* 
strument that can perform single-shot time* 
interval measurements with 10ns resolu- 
tion With measurement averaging, you 
car achieve 1-ps resolution, 

The DC 509 performs eight measure- 
ment functions including frequency, period, 
ratio, width, lime A to B, evenis 8 during A, 
lime manual, and totalize. 

Frequency measurements to 135 MHz 
are made on channel A using the powerful 
reciprocal counting technique, which pro- 
vides high resolution measurement of low- 
frequency signals much more quickly than 
do conventional counting techniques. ■ 




DC 509 Universal Counter/ Timer 

3/81 AX* 46 59 
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Two New Graphic Terminals 
Expand Graphic Capabilities 

High resolution, color-enhanced r afresh, and 
greater interactivity are combined in a new 
19-inch DVST graphic terminal. A sofi ware- 
compatible 15-inch raster-scan terminal pro- 
vides zoom and pan functions, multiple view- 
pons, and multiple-bit planes for gray scale 
and overlays. 




Customer information Irom loktronlx. Inc, 
Beaverton, Oregon 97077 

Tekscopo is a quarterly publication of Tektronix, Inc. 
In it you will find articles covering the entire scope 
ol Tektronix products Technical articles discuss 
what's new in circuit and component design, 
measurement capability, and measurement 
technique 

Editor Gordon Allison 
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Software Innovations Increase 
Productivity of Desktop 
Computer Users 

A new software library makes the graphic power 
of Tek's desktop computers available to users 
with little or no programming experience and 
enhances the productivity of skilled operators. 



Copyright <£} 19 BI . Tekinonix, me AH nnfris ra served Primed - n 
USA Tektronix produclsare covered by 0 S and foreign pel 
ents, issued anrj fjor unrig Informal ion inlhis publiCBhon Super* 
sodes i f tu l in all p rev .ously publ - a hed male n a I Spec 1 1 ical 101 1 a rid 

pricecfiangep^vileges reserved. Tektronix, tek, score mobile, 
and Vi are TugistefeoLridtmirttsof Teklrtmix., Inc. ieleouipmcnt 
is a registered trademark of Teklromx U K Limited For further 
information, contact fekiromx, Inc,, RO Box 500 Be a ve Mon, OR 
97077, Phone 503-644-0161; TWX 910-467 B?08, Cable Tek- 
tronix. Subsidiaries and distributors worldwide 




Three New Portable 
Oscilloscopes Designed 
for Field Service Use 

Ruggedness, lightweight, and excellent EMI per- 
formance characterize the new 100-MHz 2300 
Series Oscilloscopes designed expressly for field 
service applications. 



A High Resolution Color Picture 
Monitor for Television and 
Laboratory Use 

The 69QSR Is a precise, stable, color picture 
monitor with a unique color-convergence system 
that makes set-up a Simplified, straightforward 
procedure. Plug-in interface modules and wide 
range scan circuitry make the 69QSR easily 
adaptable to specialized applications. 





Tektronix is an equal opportunity employer 
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The 4114, 19-inch DVST and 41 12, 15-inch 
raster-scan computer display terminate Increase 
user productivity through lhe use of segments — 
basic display elements Thai are used again and 
again in a display and can be called up with a 
single command. 
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Two New Graphic Terminals 
Expand Graphic Capabilities 



Computer graphics users have varied re- 
quirements — so varied that no single 
display technology meets every need. The 
new Tektronix 4110 Series of graphic ter- 
minals offer users a choice of dispiay 
technology; for high-density graphics, the 
high-resolulion direct-view-s'orage-tube 
(DVST) display; and lor dynamic graphics, 
the versatile raster-scan display 

Design goals for the 41 IQ Series were 
to expand on the capabilities of the current 
Tektronix 4010 Senes, increase user pro* 
ductMty, decrease host communications 
traffic, and maintain compatibility with the 
4010 Senes and across the 41 10 Senes. 

At introduction, two members of the 
4110 Senes were announced —the 4114 
Computer Display Terminal, a 19-inch DVST 
terminal with refresh graphics and fast re- 
drew capabilities, and the 41 12 Computer 
Disptay Terminal, a 15-inch raster-scan ter- 
minal with zoom and pan functions, mul- 
tiple-bit pianos for gray scale and overlays, 
and multiple viewports (see Figure 1). 

Compatibility maintained 

The new capabilities ol the 4110 Series 
were achieved without sacrificing com- 
patibility with the 4010 Series. Host soft- 
ware cfesigned for the 4010 can be used 
without modification wrth any 4110 Series 
terminal As need for the expanded capa- 




Flg, 1, The new 4112 raster- scan terminal (left) andthe4t14 DVST terminal (right) provide users 
a choice of graphics display capability with features designed to greatly increase the user s pro- 
ductivity, The 4H2 and 4114 are software compatible with the 4010 Series terminals. 



bililies of the 41 10 Series arises, the soft- 
ware can be modified accordingly. 

Even though the 41 12 and 41 14 use dif- 
ferent display technologies, host software 
written for one terminal can be used 
without modification on the other Com- 
patbility also extends to the hardware — 
both terminals use an deni leaf 16-bit mi- 
croprocessor. a common bus structure, 
anc identical mass storage. Each terminal 
includes firmware and 32K bytes of random 
access memory (RAM), and memory can 
be expanded up to 1M bytes of ROM/RAM. 
Optional fieKibte disk drives add a perma- 
nent storage capacity of up to 51 2K bytes 
per disk. 

Both terminals work with a common set 
of peripherals, such as digital plotters, hard- 
copy units, printers, and graphic tablets. 

The 4110 Series are also suoported by the 
Tektronix PLOT 10 Interactive Graphics 
Library. 

The 41 12 and 41 14 allow the user a 
device coordinate space of 4096 by 4096 
addressable points; however, the actual 
display resolution (the number of points that 
can be displayed on the screen) depends 
on the size and type of CRT The 4112'$ 
15-mch raster-scan titoe provides a dis- 
played resolution of 640 by 460 points, and 
the 19-inch DVST of the 41 14 a displayed 
resolution of 4096 by 3131 points, The host 
can send an identical picture to both ter- 
minals in a coord inate space of 4096 by 
4096 points, and each terminal will locally 
map the picture onto the actual coordinate 
space of its CRT, 

Local picture segments 

Both Ihe 4112 and 41 14 possess two of the 
mcst significant features of the 41 10 Series 
terminals — local picture segments and a 
scrollable dialog area. A picture segment, 
as described in SIGGRAPH-AGM's pro- 
posed core system of computer graphics 
standards, is an ordered collection of out- 
put primitives (for example, vectors or text 
strings) defining an image which is pari of 
the picture on a view surface. Let's illus- 
trate the concept of the use of picture seg- 
ments with an example. 

An engineer is using a 4110 Series ter- 
minal to design an electronic circuit. The 
host computer sends the graphics data to 
display representations of components, 
such as transistors, resistors, and capa- 
citors, on Ihe terminal's screen. Each com- 
ponent is stored in the terminal's memory 
as a separate segment. The segment i$ 
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numbered and therefore can be specified 
independent!/ of the other segments. The 
designer uses the terminal keyboard con- 
trols or a peripheral graphics input device 
(such as a graphics tablet) to select the 
desired component and position it on- 
screen. The component remains displayed 
at that position, while the designer selects 
and positions other components. 

The capability to store and manipulate 
segments Jocatty provides several benefits. 
Host communications traffic is substantially 
reduced as it is no longer necessary to 
retransmit the entire sequence of graphics 
data to the terminal. The host need send 
only a command that says, in effect, display 
segment n. 

There is a marked increase in repaint 
speed (the rate at which an erased display 
can be redrawn) This capability is particu- 
larly vatuabie when working with DVST dis- 
plays containing large numbers of vectors 
or alphanumerics. For example, a diagram 
containing 25.000 short vectors, stored in 
RAM, can be redrawn and stored on the 
4114 screen in less than half a second. 

Refresh augments storage 

The 4114 DVST terminal is given a substan- 
tial interactive capability by employing local 
refresh for up to 3000 short vectors. There 
is no limit to the number of vectors that 
can be displayed in the storage mode. In 
contrast, the entire 4112 raster-scan display 
is refreshed. 

Both the 4112 and 4114 can perform 
local two<fimensior>al image transforma- 
tions. A segment may be rotated, translated 
(shifted in position), and scaled (made 
larger or smaller). The user has the flexibili- 
ty to define a picture segment of a stand- 
ard size and shape, and after it is display- 
ed, modify its Image to fit the application. 
For example, consider an architectural ap- 
plication. The host sends a standard seg- 
ment displayed as a square. The square 
can be modified locally to become the ex- 
terior outline of the building. The same 
standard square, transmitted again by the 
host, can be manipulated locally to become 
a window or a door. 

A user-defined cursor 

As a convenience in graphic input opera- 
tions. the user can replace the cross-hair 
cursor with any picture segment In the ar- 
chitectural application just discussed, the 
standard square could become the cursor. 



making it very convenient for positioning 
the square anywfiere on the display 

Segments within segments 

Another graphics convenience is the capa- 
bility to include a copy of one or more seg- 
ments within a segment. Consider, again, 
the architectural example First* the host 
defines the exterior of the building as an irv 
cSviduaJ picture segment and defines it as 
segment 1, The standard square displayed 
on-screen is defined as segment 2 . Each 
time the architect positions and scales the 
square to create a door or window in the 
building, Ihe host program commands the 
terminal to include a copy of segment 2 (as 
it appears on the screen) within segment 1 
In this manner, segment 1 is progressively 
modified 1o contain the exterior of the 
building and all of its doors and windows. 
The host. then, with a single command to 
display segment l, can redraw the exterior 
of the building with all of its openings. 

Classes of segments 

In some applications, it is desirable to mod- 
ify related picture segments as a unit. This 
can be done by grouping several segments 
into a segment class. A segment may be- 
long to one or more of a maximum of 64 
classes. 

To illustrate the utility of segment class- 
es, consider an application that involves 
drawing a detailed block diagram of a com- 
plex instrument such as an oscilloscope. 
The block diagram could be constructed in 
modular form with separate modules for 
the trigger, timing, horizontal output, and so 
forth. The segments in each of the modules 
could be grouped into segment classes, 
one for each module. Using the host the 
user could then display or erase any 
module by sending a single command to 
the terminal. 

A 4112 or 4114 equipped with the op- 
tional disk drive has the capacity to store 
locally-retained pcture segments on the 
disk. The disk drve enables the host to load 
a segment from the disk into the terminal's 
memory directly. This is faster and less 
costly than retransmitting the data from the 
host. 

The use of picture segments, segments 
within segments, local refresh and segment 
manipulation, and extensive local memory 
all serve to greatly reduce host communi- 
cations traffic and increase the user's 
productivity. 



SCROLLABLE 
DIALOG AREA 

I 




Fig, 2. Communications Between the operator 
and the host computer are displayed in the 
dialog area The size and location of me dia- 
log area can be defined, to avoid interfering 
with displayed graphic information. 

The dialog area 

In addition to displaying pcture information, 
a graphics terminal must provide a means 
for the operator at the keyboard to com- 
municate with the host computer and, con- 
versely, for the host to communicate with 
the operator. In some graphic term Inals, ihe 
alphanumeric dialog between Ihe operator 
and the host is sometimes written over the 
picture, necessitating redrawing of the pic- 
ture, The 4112 and 4114 restrict the display 
of alphanumeric text to a defined dialog 
area (see figure 2). Communications be- 
tween the host and the operator at the ter* 
minal are displayed in the dialog area; 
graphics information is displayed on the 
rest of the screen. 

The dialog area on the 4112 and 4114 is 
scrollable. When filled with text, the lop line 
is automatically moved up and out of view 
to make room for the next line of text at the 
bottom. Each line of alphanumeric text that 
is scrolled out of the dialog area is stored 
locally in RAM This enables the operator to 
read previously displayed text by scrolling 
backwards with the keyboard thumbwheels 

The user can define the size of the 
memory buffer used to contain scrolled 
text, and can tailor the on-screen dialog 
area to the application by defining its size 
and position on the screen The user can 
also choose to turn the dialog area on 
or off. 

To provide for the scrolling capability, all 
text in the dialog area is displayed in re- 
fresh, In the 4112, the raster-scan tube pre- 
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The 4114 direct-view storage lube 
{DVST) terminal is given substantial re- 
fresh capability through the use of local 
random access memory. However, with 
flicker-free refresh it is sometimes diffi- 
cult to distinguish between refreshed 
and stored images on the screen. The 
4114 Color Enhanced Refresh option re- 
solves that difficulty by displaying all re- 
fresh vectors in a second color. The 
color-refresh DVST displays stored infor- 
mation in the usual green cobr T while 
refreshed objects appear as a yellowish- 
orange hue easily distinguishable from 
the stored information. 



A Direct-View 
Storage Tube 
With 

Color Refresh 

Color refresh Is accomplished by 
using a mixture of red and green phos- 
phors for the DVST screen. In refresh 
mode, the writing beam excites both red 
and green phosphors, resulting in a 
yellowish-orange trace on the screen. 
The refreshed information, however, is 
displayed al a current density lower than 
that required to store a charge image, 



To remain visible, the information must 
be continually refreshed. 

In storage mode, the writing beam 
also excites both red and green phos- 
phors causing a momentary yellowish- 
orange glow. In this case, the current 
density is high enough to store a charge 
image. After the writing beam draws the 
image, only the green phosphor contin- 
ues to emit light. The red phosphor does 
not store because it requires a higher 
charge level to luminesce man does the 
green phosphor. 

To achieve enough color shift to be 
easily discernible, the red phosphor 
must be 40 to 60 percent of the total by 
volume. However, this results in lowering 
the stored (green) luminance of the dis- 
play. As luminance is also a function of 
power input to the screen, luminance 
can be restored by increasing this pow- 
er. This is accomplished by processing 
the phosphor materials in such a way as 
to raise the nominal operating voltage 
level of the target, and changing the op- 
tics of the DVST (unnet to increase the 
flood gun current density to the target. 
These changes result in a stored lumi- 
nance 60 percent higher than that of 
conventional DVSTs. 

Generally, an increase in the current 
density to the screen means a decrease 
in the life of the tube. In this instance, 
the use of rare-earth phosphors yields 
a 50 percent increase in lube life, 
even with the 60 percent increase in 
luminance. 

An additional benefit of the new flood 
gun electron optics Is improved hard 
copy capability. A primary factor in hard 
copy performance is the dispersion of 
flood-gun electrons in front of the tube 
target. The new design decreases the 
noise around Ihe edges of the screen, 
resulting in consistently cleaner copies, n 




Fig. 1 . A 41 1 4 DVST display with color-enhanced refresh. The yellowish -orange hue of the re- 
freshed information makes it easy to distinguish between stored and refreshed portions of 
the display. 
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sents no limits to the size of the scrolling 
area; the 4i14’s DVST displays up to 300 
characters in the dialog area. 

Raster-scan graphics with the 4112 

For applications that do not need the large 
screen and high resolution of the 4114, the 
raster-scan 4112 offers users some unique 
advantages: zoom and pan capability, mul- 
tiple viewports, multiple-bit planes for gray- 
scale and overlays, a greater degree of 
operator interactivity, and lower cost. 

The zoom and pan capabilities overcome 
the resolution limitations of the smaller CRT 
by allowing the user to isolate and magnify, 
on-screen, any section of the 4096 by 4096 
point device coordinate space. 

To understand how the zoom and pan 
features operate, it is necessary to under- 
stand the graphics concepts of window and 
viewport as they are used for the 4112 The 
window is any rectangular portion of the 
4096 by 4096 point device coordinate 
space. The viewport Is any rectangular por- 
tion of the display screen. The graphic con- 
tents of the window are mapped onto the 
viewport. The contents of the window deter* 
mine the picture that will be displayed on 
the screen The viewport determines the 
size and location, on-screen, of the dis- 
played picture (see figure 3). 

MULTIPLE 

VIEWPORTS 



Fig. 3. Multiple viewports allow simultaneous 
display of an entire picture and enlarged 
views of selected portions of the picture. 

Multiple viewports allow the user to dis- 
play an entire picture on one portion of the 
screen, while detailed views of individual 
segments of the picture are displayed on 



other portions of the screen. The user can 
zoom and pan any viewport on-screen 
without affecting the images displayed on 
the other viewports. In addition, the user 
can specify which segments can be dis- 
played in a viewport and which cannot, This 
feature allows the user to separately display 
pictures that might overlap in the device 
coordinate space, without the images 
overlapping on-screen. 

Another powerful feature of the 41 12 is 
the multi-bit plane capability that enables 
users to work with a maximum of three 
overlays, or up to eight shades of gray, 
Overlays are separalely-addressable 
graphics surfaces. They can be compared 
to the transparent overlays commonly used 
In presentations made using an overhead 
projector. One of the more common appli- 
cations for muJti-hit planes is in the design 
of multi-layer printed circuit boards. 

The gray-scale capability enables the 
user to "color 1 r a picture with up to eight 
shades of gray to contrast various sections. 
Panels (polygonal areas of a piclure) de- 
fined by the user can be tilted with any of 
eight levels of gray scale, or with a user- 
defined pattern, or with one of 16 patterns 
available from the local intelligence of the 
41 12, A typical application would be the 
' 'coloring M of a map to mark differences 
In rainfall, temperature, population, and 
so forth. 



Summary 

The new 4112 15-inch raster-scan terminal 
and 4114 19-Inch DVST terminal provide 
computer graphics users a choice of dis- 
play technology, more versatile graphics 
capability, increased productivity through 
the use of picture segments and fast re- 
paint, and lower cost through reduction of 
host communications traffic. 

Compatibility with the 4010 Series of 
graphic terminals and between units of the 
4110 Series allows users to expand their 
current 4010 software to incorporate the 
added capabilities of the 4112 and 4114, 
as the need arises. 
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In 1975* Tektronix introduced its first desk- 
top graphic computing system — The 4051. 
This was foltowed by the even more versa- 
tile 4052 and the graphically interactive* 
large-screen 4054 Now* with the introduc* 
tion of New Generation PLOT 50 Software, 
we greatly enhance the usefulness of our 
entire 4050 Series family. 

Since the int-oduclion of the 4051 , there 
have been major changes in what 4050 
Series users want. There is a tremendous 
demand for more appllcations-oriented soft- 
ware to enable the user who has little, or 
no, programming experience, to take ad- 
vantage of the graphic power of the 4050 
desktop family. 

In 1975, users had more lime to incorpo- 
rate new computing techniques into their 
problem-solving activities For most users* 
this is not so today. Interest centers on pro- 
ductivity. not in the novelty of learning new 
technology. For example, in the past* a de- 
sign engineer often spent considerable time 
creating, adapt ng, and programming statis- 
tical routines on the computer because 
such routines were not available from the 
vendor. Today, new statistics packages 
must be very easy to loam and incorporate 
into an application. Statistical tasks are a 
bottleneck in the design activity and need 
to be completed in an expeditious and 



Fig, 1. The New Generation PLOT 50 Software is the key to easy use of the graphic power 
available In Tektronix 4050 Series desktop computers. 



re iabfe manner. Although the products 
must be simple to team, they must also 
contain sufficient power to help solve the 
user's application problems 

Design problems 

A number of design problems had to be 
addressed early in the development of the 
New Generation PLOT 50 Software. Our 
market research indicated that few 4050 
Series users’ applications were static. 
Graphic computing system applications are 
diverse, and we had to learn more about 
application requirements In detail. Other 
factors to be considered included user fa- 
miliarity with the hardware, user interface 
trade-offs between menus and commands, 
and differences in the learning curves of 
trequent-versus-infrequent users 

We decided that most 4050 Series users 
know far more about their applications lhan 
about their computing equipment, ft was 
our task la provide the conventions of the 
applications to shorten the learning time for 
uses Further, ft was essential to provide a 
friendly interlace with the software (and the 
hardware). Many vendors advertise friendly 
products; our challenge was to satisfy a 
wide range of user needs efficiently In tan- 
gible terms, a first-time user should be able 
to operate the software within two to four 
hours after power-up, without having to 
study a user’s manual. 

Help and convenience (or users 

Most of the New Generation PLOT 50 Soft- 
ware packages include help files, tutorials, 
and menus. The tutorials quickly walk the 
user through product functions to rapidly 
achieve familiarity The help files give de- 
tails ot program operation. For example, 
with the 4052D1Q Document Preparation 
package, the user can display (with one 
function key) the menu of editing and for- 
matting commands. Upon selecting a com- 
mand* the user sees (on-screen) a descrip- 
tion and an example of operation for that 
command. After obtaining the needed help, 
the user can easily return to the portion of 
the program where difficulty was encoun- 
tered and then continue with the application 
from that point. 

Most users prefer to first concentrate on 
solving their application problems and then 
spend secondary effort familiarizing them- 
selves with the hardware and software to 
be used In that application. The New Gen- 
eration PLOT 50 Software politely reminds 
users to check peripherals (and what to 
check for) to ensure proper operation. 
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In 4054D06 Picture Composition and 
4052DD7 Interactive Digitizing, the align- 
ment of tablet menus and source docu- 
ments is not important because easy and 
quick reference points are established 
which enable the software to make the 
necessary adjustments. For example, skew- 
ing errors are noted and automatically cor- 
rected so plotter output is not skewed rela* 
live to the X and Y axes. In each of the ap- 
plication packages there are many addi- 
tional conveniences that hefp users to 
quickly become productive. 

Application conventions 

To better understand application conven- 
tions, we exchanged ideas with experts in 



several application areas. As an example, 
one exchange heped us to better under- 
stand what statistical techniques many 
users expect to employ whan conducting 
small-sample statistical analysis. These 
"wants" then became the application com 
ventions. We integrated these conventions 
into a simple-to-learn package lhat provides 
users with state-of-the-art techniques that 
key on graphics (Ihrough pattern recogni- 
tion) to add meaning to users' data. 

The value of graphics 

Most of the New Generation PLOT 50 pack- 
ages are built around the power of graph- 
ics. Conventional graphic techniques, such 
as scatter plots (as used in statistics) are in- 



New Generation PLOT 50 Software 
Library 

4050D02 Statistics Disk-based statistics for small sample and experi- 

Tests and Distributions mental analysis plus exploratory plotting rojtines 
(DM) 



4050D03 Statistics 
Analysis of Variance 

{Disk) 

4O5OD04 Statistics 
Multiple Regressions 

(Disk) 

4G50D13 Statistics 
Library 

(Disk) 

4054D06 Picture 
Composition 

(Disk) 



ANGVA featuring one-, two-, and three-way classified* 
lion techniques plus exploratory plotting routines 



Multiple, weighted, stepwise multiple, and polynomial 
regressions and exploratory plotting 



4O50DO2/4O5ODO3MO5ODO4 (above) packaged as 
a library at discount 



Electronic "sketchpad" using graphic primitives (line, 
arc, circle, point, box, text) to create working drawings 
or pictures and sub-pictures using 4050 Option 30 
Dynamic Graphics 



4052 Interactive 
Digitizing 

(Disk) 

4052D1Q Document 
Preparation 

(Disk) 

4050D11 (Disk) 
4050A17 (Tape) 
MicroPert 2 - Project 
Management 



For production (bulk) digitizing tasks in cartographic, 
design engineering, and strip chart analysis applica- 
tions including editing and basic calculations 

Powerful command<inven package for formatting, 
editing, and preparation of multi page documents 



State-of-the-art desktop offering of PERT and CPM 
techniques including rich set of resource management 
facilities, graphic charting, and reporting options 



4050A16 Presentation Aids For the creation of overhead presentation materials 
(Tape) based on template construction including bar charting, 

line graphs, pie charts, and text 



eluded, as well as some unique new rou- 
tines, such as box-and-whisker plots and 
normal curve overiays for viewing data. A 
brief review of some of these routines is 
helpful in understanding the power of 
graphic interpretation. 

The statistics packages include routines 
for producing a box-and-whisker plot (see 
figure 2). The box represents the distribution 
ot data about some observable median, 
while the edges of the box relate to quar- 
liles, and the fences (whiskers) mark the 
range of most of the data in the distribution. 
The user has the option of examining one 
box at a time, or a number of boxes, to 
view variables within a group, or to look at 
a comparison ot groups. 




Fig. 2. Box and whisker plots enable the user 
to quickly determine If a statistical sample 
contains a high percentage of valid data. Use 
of such plots can save valuable time other- 
wise spent analyzing poorly-distnbuted data. 

Recall lhat the purpose of the exercise in 
this statistics package is to analyze a small 
sample. Studying notches increases the 
user's productivity. Notched-box plots are 
used to note significant differences be- 
tween two sets of data. Two sets of data 
whose notched intervals do not overlap are 
significantly different at roughly the five per- 
cent level (see figure 2), The value of this 
graphic technique lies in the speed with 
which the user can determine whether two 
groups of data are significantly different 
statisticaily. 

Another of the exploratory clotting rou- 
tines in the Statistics packages is the Non 
mai Curve Overlay. In this case (see figure 
3), a normal bell-shaped curve is inverted 
and plotted over a histogram representing 
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Fig, 3. The Normal Curve Overlay plotting 
routine enables even a casual statistics user 
to quickly spot deviations from an arbitrarily 
defined zero line. 



the distribution of the data in the sample. 
The dotted line represents an arbitrarily 
defined zero-line as a reference point, so 
that even a casual statistics user can quick- 
ly see deviations from the zero-line. These 
graphic techniques are included in our soft- 
ware because they are easy to learn and 
provide powerful insight into the data being 
analyzed. 

There are several of these plotting tech- 
niques in most of the New Generation 
PLOT 50 Software packages. They are 
available by answering only a few ques- 
tions, by selecting an item from a menu, or 
by selecting the appropriate key on the 
4050 Series device. In other words, no pro- 
gramming is needed. Access to the power 
of these graphic techniques is simple and 
quick. 

Commonality 

Each of the three Statistics packages 
comes with a Function Key Overlay that fits 
on the keyboard of the 4050 Series com- 
puters. The same functions are located on 
the same keys in every package, For exam- 
ple, Master Menu is key 10, Data Entry is 
key 1, Print and Plot are keys 7 and 8. 
respectively. This is not a major product 
feature but indicates the care employed in 
designing the products so users will l»nd 
them easy to learn and operate correctly. 

Fatal errors 

Previous software offerings did not include 
provisions 1o protec I use rs who lacked 
hardware familiarity, from destroying pro- 
grams. For example, if you tried to plot a 
set of data by selecting a histogram func- 
tion, with no data present in memory, the 
program usually crashed and you had to 
restart. Today, the operating system checks 



PICTURE COMPOSITION 




Fig, 4. Data exchange formats developed for the PLOT 50 software products provide for substan- 
tial gains In user productivity* Standard File Formal (SFF) files numeric data that can be ac- 
cessed directly by other PLOT 50 programs having SFF capability. Graphic Model Exchange 
(GMX) provides a simitar capability for graphic information 



to make sure data is present before at- 
tempting to create the graph. If no data ex- 
ists, polite instructions appear on the 
screen to guide the user to the next step 
to keep the program going. This type of 
design provides not only friendly software 
but forgiving software. 

PLOT 50 Software exchange formats 

Two data-base-oriented standard filing tech- 
niques were developed by Tektronix for 
these (and future) software products. The 
Standard Fite Formal (SFF) Is a technique 
for storing data in such a manner that the 
data can be accessed by other PLOT 50 
programs having SFF capability. (V\fe have 
found few users who enjoy worrying about 
marking fifes and fretting over file sizes.) 
When data entry is complete. the user 
need activate only one key or function for 
SFF construction to occur automaticalty. 



File creation is automatic and access easy 
and logical. First, the software prompls 
users to file data by name (not number) 
because names we create are easy to 
associate and remember. Second, the files 
are called by name, and if you cannot 
remember the names of all of your files, 
directories allow you to recall the files one 
at a time or to list all of them. 

The Graphic Model Exchange (GMX) can 
be considered the graphic complement of 
SFF, In SFF, the user stores numeric infor- 
mation. In GMX, the user stores graphic or 
pictorial information. This means that a 
graph created by one software package 
can be called by name by another software 
package (with GMX capablity) and another 
operator! be performed on that same fife 
(see figure 4). 
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What SFF and GMX moan to the user 
are tremendous gains in efficiency because 
the data need be entered in the computer 
only one time (as opposed to entering the 
data for each different program). 

Summary 

For people who are not skilled computer 
programmers, the New Generation PLOT 
50 Software products provide the capability 
to access the graphic power of the desktop 
4050 Series and apply it quickly to their 
probtefn-solving tasks, The need for produc- 
tivity gains takes precedence over the 
novelty of learning new software or hard- 
ware. For those who have the desire to use 
it, the programming and computing power 
of the 4050 Series is always available. 
These New Generation PLOT 50 Software 
products offer a wide range of users the 
opportunity to unlock the power of the 4050 
Series and use it to their own advantage, ■ 



Three New Portable 
Oscilloscopes Designed 
for Field Service Use 




Figure 1 . The Tektronix 2336 is one of three models available In the new 2300 Series of oscillo 
scopes. The 2336 features 100 MHz, dual trace, and delaying sweep operation, with deita-time 
measurement displayed on the 4-diglt liquid crystal readout located In the cover, Use of the cover 
to contain auxiliary functions keeps the main front panel uncluttered for easy operation, 



The concept of portability has changed 
greatly over the years. Tektronix' first os- 
cilloscope, back in 1947, was portable. It 
weighed only 55 pounds, and had a handle. 
You could pick It up and carry It — but not 
very far. It was portable, but it was design- 
ed primarily for laboratory use. 

Today, many oscilloscopes designed pri- 
marily for portability are purchased for labo- 
ratory use, and their design is optimized to 
accommodate both functions. 

The new Teklronix 2300 Series Oscillo- 
scopes are designed expressly for portabil- 
ity — and more precisely — for field ser- 
vice, Small, rugged, and reliable — they 
are built to work in adverse environments. 

The 2300 Series includes three instru- 
ments: the 2335, a dual-trace, 100-MHz 
bandwidth, delaying sweep oscilloscope; 
the 2336, identical to the 2335, with a B- 



trigger function and delta-lime measure- 
ment capability; and the 2337, with all of 
the features of the 2336, plus a general 
purpose digital multimeter. Each of the 
Instruments weighs less than nineteen 
pounds and measures just 5 by 12 by 
17 inches. 

Concentrating on portability 

Because field service requirements were 
the prime consideration, the designers of 
the 2300 Series concentrated on reducing 
size and optimizing ruggedness and reliabil- 
ity, rather than introducing new features. 
There were, of course, other important fac- 
tors to consider, such as operating ease, 
display size and resolution, and serviceabil- 
ity, to name just a few, 

The dimensions of the cathode ray tube 
(CRT) usually dictate the minimum length 
and height of an oscilloscope package. 
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Because of its mass, size, and complex 
structure, the CRT is also the component 
most vulnerable to physical shock. Thus, 
work on the 2300 Series began with re 
design of our smallest. 100 MHz. high 
performance CRT The result is a CRT 
30 percenl shorter than Its predecessor, 
having a 6.4 by 8.0 ceniimefer display area, 
with trace intensity and spot size optimized 
for a bright, sharp, high-quality trace 

Unique CRT mounting improves 
ruggedness 

In designing a very portable oscilloscope* 

CRT breakage ts a vital concern, Conven 
tknaily-mounted CRTs are supported at 
both ends — a technique that has proven 
reliable but which can result in high stress 
being applied to the CRT if the instrument 
is subjected to a severe drop, 

The 2300 Series use a cantilever mount- 
ing system that enables the CRT to with- 
stand shocks three to four times greater 
than conventionally-mounted tubes can han- 
dle The new mounting system consists ol a 
single mounting that fastens the front of the 
CRT to the oscilloscope's front sUbpaneL 
using just four screws (see figure 2). A key 
element in the mounting system is the Tek- 
manufactured ceramc tube, which makes 
it possible to tighten the mounting screws Figure X The hybrid preamplifier circuit used in all o* the 2300 Series provides many of the 

directly into the CRT’s funnel advantages of an integrated circuit but required considerably less development time. 



Figure 2, Unique mounting system which supports the CRT only at the front panel reduces prob- 
ability of damage to the CRT should the Instrument be subjected lo a severe drop. 



Circuit boards add support 

One of the challenges in portable-oscillo- 
scope design is to pack in all the perform- 
ance needed, yet make the instrument easy 
to service In the 2300 Series, this chal- 
lenge was met by having the circuit boards 
a l face outward, forming a box- like struc- 
ture around the CRT This arrangement pro 
vides excellent access for servicing In ad 
d'lion, the circuit boards and their mount- 
ings serve as internal structural support for 
the instrument s chassis Irregular-shaped 
boards were used where necessary, to 
utilize the available space 
Circuit board real estate was conserved 
through judicious use of integrated circuits 
and thick film hybrid circuits. The preampli 
tier circuit (figure 3) is a hybrid consisting of 
components silk screened onto a ceramic 
substrate, with transistors soldered directly 
onto the substrate This technique yields 
much of the advantage of an integrated cir- 
cuit, with a shorter development time Ilian 
that required for custom ICs. 
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Figure 4. Two-stage hybrid attenuator uses lasers rimmed resistance and capacitance values to 
create a compact, preadjusted attenuator that requires no adjustment after installation in the in- 
strument. 



A laser-trimmed attenuator 

The Input attenuators in the 2300 Series 
are also unique. Smaller than conventional 
designs, the attenuators are compensated 
by laser trimming prior to installation in the 
instrument and never need adjustment, In 
contrast, the typical attenuator has many 
adjustments and must be adjusted after in* 
stallation in the instrument The new design 
reduces instrument calibration time and is 
more reliable than its predecessors. 

Deep-drawn cabinet provides protection 

The single-piece, deep-drawn cabinet hous- 
ing the 2300 Series is a significant achieve- 
ment. Pure aluminum could easily be form- 
ed to the required depth but was not strong 
enough. Working closely with experts in 
deep drawing aluminum, Tek engineers 
helped develop one of the deepest drawn 
cans of 6061 T6 alloy ever manufactured. 
This accomplishment was essential in mak- 
ing the 2300 Series lightweight and strong. 

The cabinet also plays an important role 
in realizing the design goal for electromag- 
netic interference (EMI). Porlables often 
operate within the strong radio-frequency 
fields of radio and television transmitters, 
industrial machinery, and so forth, Close 
attention was given to EMf at every step of 
the instrument design, resulting in an EMI 
specification of 10 volts per meter (radiated 
susceptibility). 



A new front-panel concept 

In addition to the CRT, another factor thal 
determines instrument size is the front- 
panel space needed for the controls. Con- 
trols can be made small and closely 
spaced but the instrument will be difficult 
to operate. The 2300 Series designers use 
a new approach that effectively doubles the 
front-panel space without Increasing instru- 
ment size. Portables need a cover to pro- 
tect the front panel controls during transit. 
Why not use the cover to house auxiliary 
functions, such as delta time readout and 
the digital multimeter? 

The cover for the 2300 Series is drawn 
from the same tough alloy as the main in- 
strument cabinet. Depending on the model, 
a panel is mounted in the cover to contain 
additional functions. The 2335 has nothing 
in the cover; the 2336 contains a liquid 
crystal display and B trigger controls: and 
the 2337 contains the same elements as 
the 2336 plus a digital mult meter. 

The cover Is hinged to the main instru- 
ment cabinet, and power and control leads 
are coupled to I fie cover panel through a 
flexible, flat cabfe, A beryllium-copper shield 
provides EMI protection. One can expect 
that the cover wifi be opened and closed 
hundreds of times during the life of the In- 
strument. To verify reliability, the cable was 
tested up to 100,000 openings and closings 
without an electrical failure. 



Considerable thought was given lo both 
logical organization and spacing of Ihe 
front-panel controls to ensure straightfor- 
ward, easy operation. All of the positioning 
controls are in a row at the top of the 
panel, mode switches are just be tow, and 
the step attenuators and time per division 
controls are lined up in the center This ar- 
rangement makes the oscilloscope easy to 
use, even by inexperienced technicians. 

A new target for innovation 

Usually, in designing a new oscilloscope, 
the bulk of the effort is applied to develop- 
ing new circuitry. In the 2300 Series, the 
focus has been on applying technology and 
innovation, not so much lo expand perform- 
ance specifications, but to increase porta- 
bility, reliability, ruggedness, and manufac- 
turability. while maintaining a popular set 
of features (100 MHz, dual trace, delaying 
sweep, etc.). The 2300 Series represent a 
substantial improvement In field service 
instrumentation. 
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Television stations, production studios, 
development laboratories, and quality con- 
trol facilities need precise color picture 
monitors to accurately display every signai 
detail, whether generated by a conventional 
color television camera or by a computer- 
based imaging system. 

There are two particularly critical places 
in the typical television program production 
facility where a precise color monitor is 
needed. One is the point at which the final 
television product is displayed to the execu- 
tive responsible for final approval of the 
product. The monitor must accurately por- 
tray the program material complete with 
any compromises or defects that may be 
present. A subjective judgment will be 
made to determine whether the final prod- 
uct is acceptable, 

A second critical viewing position is at 
camera-control positions where the quality 
of the original signal is established. Regis- 
tration of the three primary colors at the 
camera is a critical task; the highest- 
resolution monochrome monitors are often 
used in making the initial setup. During pro- 
duction, an accurate color display allows 
the operator to observe slight adjustment 
errors and make corrections while the pro- 
duction continues. Only a monitor with ex- 



cellent convergence can be used for this 
task. 

In these, and other applications, the 
monitor is the quality standard and it must 
be extremely stable so that it is not suspect 
when picture defects are noted. 

The Tektronix 690SR Color Picture 
Monitor is designed for just such critical 
viewing applications. With the appropriate 
plug-in interface module, the 69GSR can 
display pictures originating in either a tele- 
vision system or a digital image buffer. 

Wide-range deflection circuits produce 
horizontal scan rates from 15 kHz to 
37,5 kHz. The 690SR accommodates con- 
ventional interlaced raster display formats 
including the standard 525-line and 625-line 
television systems and can operate at more 
than 1024 lines per frame for computer ap- 
plications. Convergence circuits track pic- 
ture size, aspect ratio and scan rate to 
allow operation in special applications, 
with oniy minor readjustment, 

A high quality CRT 

The key element in a high-resolution 
monitor is a high-resolution cathode ray 
tube (CRT). The 690SR uses a delta-gun, 
dot-shadowmask CRT with an extremely 
fine shadowmask structure; triad spacing is 
0,31 millimeter as compared with 0.6 to 0.8 
millimeter for home television picture tubes. 
There are approximately 1800 phosphor 
dots vertically and 1400 horizontally for 
each color, in the CRT screen. Efficient 
phosphors permit Ihe use ol relatively high 
brightness levels without sacrificing picture 
quality. 

Inherent in current CRT technology is a 
tradeoff between fine screen structure and 
screen uniformity. For those applications 
where the operator must be close to the 
display screen, the fine screen is less ob- 
jectionable than coarser screens. However, 
for greater viewing distances a medium 
resolution (0,4 to 0.6 millimeter) CRT pro- 
vides better screen uniformity and adequate 
fineness. The medium resolution CRT is of- 
fered as an option for the 690SR. 

Easy convergence adjustment 

Complementing the high-resolution picture 
tube are high-stability convergence circuits. 
The specified convergence accuracy is bet- 
ter than 0,5 mm; this is the maximum sep- 
aration permitted between any pair of red, 
green, or blue picture elements (center to 
center) and corresponds to less than 0.1 
percent of picture height anywhere on the 
screen. 



The convergence circuit adjustments are 
precision potentiometers with large, easy to 
set knobs located in a lockable front drawer 
where they are easily accessible to quali- 
fied personnel. Color coded graphics adja- 
cent to each control provide a convenient 
reminder of each control function. The con- 
verge nee signals are mat r &xed in such a 
way that beam motions are approximately 
up-down or left-right In response to control 
movements This greatly simplifies conver- 
gence setup. 

A solid white 

One of the major concerns in a television 
program production is that the coior tern* 
perature of "white" be set accurately and 
not drift. Drifting white balance causes un- 
natural colors to appear, which is particu- 
larly offensive to everyone if skin tones, 
snow, or other light-colored areas are in- 
volved. it is particularly objectionable to a 
sponsor to see the color of the product 
distorted in a commercial production. 

To reduce the need for white-balance ad- 
justment, the 690SR employs beam-current 
feedback to offset changes in the CRT cut- 
off characteristics as the tube ages. Care- 
fully designed video circuits ensure that 
tracking errors (differences in video gain 
between red, blue, and green channels) 
are held to less than two percent. White it 
is not feasible today to eliminate white- 
balance adjustments entirely, the 690SR 
reduces these adjustments to the level of 
routine maintenance. Such stability ensures 
that If a problem is visible during critical 
viewing of a television production, it is not 
likely to be in the picture monitor. 

Modularity lor configurability 

Modular construction makes it easy to con- 
figure the 690SR for different applications. 
Tne plug in interface module processes the 
video Input signals for application to the 
mainframe. 

In the typical display of computer-gener 
ated pictures, a simple RGB interface can 
be used because no color decoding is re- 
quired. In this case, the red. green, and 
blue signals are buffered and conditioned 
to drive the 690SR mainframe inputs. Sync 
separation Is provided to obtain the horizon- 
tal and vertical triggers needed by the 
mainframe scan control circuits. 

The NTSC television signal decoder is 
the first interface available for the 690SR, 
The NTSC decoder contains sync separa- 
tion, color decoder, horizontal AFC, and 
other functions necessary for operation of 
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FJg* 1* Simplified block diagram ot the 690SR. Convergence and high voltage circuitry operate Independently of the horizontal and vertical deflection 
circuitry to facilitate operation at different scan rates and scan sizes. 



the 690SR as a television picture monitor. 
The Interface module also Includes front 
panel controls unique to ils function. 

A simplified block diagram of the GyOSR 
is shown in figure 1. The video amplifier 
module contains identical amplifiers for the 
red, blue, and green channels. Each has 
controls for low level and high-level white 
balancing A feedback loop in each channel 
senses CRT cathode current once per dis 
played field This signal maintains the black - 
level current a l a preset level, thus minimiz- 
ing changes in color balance caused by 
CRT aging. 

The video response is maLchcd to the 
high-resolution CRT to minimize moire pat 
terns caused by ouk»l*band signals beating 
with the sampling frequencies produced 



when the CRT beam scans the individual 
phosphor dots. 

Two factors — greater Information densi- 
ty and decreased scan times — require a 
video bandwidth about five times greater 
than that of conventional television systems. 
The CRT in the 690SR can display about 
1000 picture elements (pixels) per scan line 
as contrasted with the 400 to 500 pixels 
per scan line ot conventional television. 

(This resolution is not the same as the 
number of phosphor dots along a horizon* 
tal line, as the CR1 beam spot size is larger 
and determines resolution.) In addition, the 
line-scan time can be shortened from the 
conventional 52 microseconds to as little as 
20 microseconds, to achieve a comparable 
improvement in vertical Information density 
without flicker. The video amplifier has a 



Gaussian response with a rlsstime or fall- 
time of about 14 microseconds, which cor- 
responds to a minus 3dB point Of 24 MHz, 
The transient response Is essentially the 
same for large or small signals. The out- 
pul stages of these amplifiers utilize dual 
MOS power FETs in a single-ended class A 
configuration, 

In the 6903B, wideT?andwidih video re- 
sponse and fast scan rates combine with 
the beam profile and fine pilch phosphor 
pattern of the CRT to provide a display 
system suitable for both conventional tele- 
vision and high-definition television and 
graphics. 

The raster-control module 

The 690SR operates ovei a wide range of 
vertical and horizontal scan rates, The key 
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to wde-range operation is the raster-control 
module This module translates the interval 
between successive horizontal and vertical 
triggers, and horizontal and vertical size in* 
formation, into signals that represent linear 
displacement across the CRT screen. From 
this positional information, all scan and cor- 
rection signals are developed. This unique 
architecture minimizes readjustments for 
scan size, linearity, convergence, and dy* 
namic focus when scan rates are changed. 
The conversion from time to position 
across the CRT screen is accomplished 
using horizontal and vertical constant- 
amplitude ramp generators. The ramp 
generators are unique in that ramp ampli- 
tude is independent of control signal fre- 
quency Further, the slope of the ramp $ 
changed without changing the integrator 
timing components. 



The basic ramp generator circuit (figure 
2} consists of a comparator, Miller integra- 
tor, switching transistor, and peak detector. 
A control signal (the horizontal retrace 
blanking pulse) turns on the switchrig tran- 
sistor, thereby discharging the integrator 
capacitor The high period of the control 
pulse corresponds to the horizontal retrace 
time. When the control pulse goes tow, the 
transistor turns off and the M liter integrator 
produces a linear ramp whose amplitude Is 
determined by Ihe reference voltage set- 
ting. The slope of the ramp is determined 
by the values ol Ri and C t and the output 
voltage of the comparator The peak detec- 
tor detects the peak voltage of the output 
ramp. If the peak voltage is less than the 
reference voltage, the output voltage from 
the comparator decreases, increasing the 
current flowing through the Miller integrator 



The slope of Ihe ramp increases to restore 
the peak of the ramp to level of Ihe 
reference voltage. Thus, the amplitude of 
the ramp is determined by the reference 
voltage, independent of the control pulse 
frequency 

The raster control module also provides 
pincushion and tilt correction signals to the 
horizontal and vertical deflection modules. 

A dynamic focus signal, sent to the high 
voltage supply, maintains a sharp focus 
over the entire screen. The horizontal and 
vertical ramp signals are sent to the con- 
vergence module to provide beam-position 
information. 

The convergence circuits 

The convergence circuitry uses low-power 
active techniques with quality potentiome- 
ters and other components to ensure stabil- 
ity and reliability The convergence module, 
located in the front drawer, provides the 
precision correction waveforms, and Ihe 
convergence output module provides the 
driving signals for coils in Ihe convergence 
yoke 

The convergence circuitry drives two 
sets of coils — one set in the main con- 
vergence yoke, and a second set in an aux- 
iliary yoke. In trie main convergence yoke, 
the red and green coils control both ihe 
horizontal and vertical positions ol their 
respective beams, The blue coil, however, 
is positioned such that it controls only the 
vertical position of the blue beam. Horizon- 
tal positioning of Ihe blue beam is con- 
trolled by the blue-lateral signal, which 
drives the auxiliary yoke. The coils In this 
yoke are oriented such that Ihe magnetic 
field created provides horizontal positioning 
of the blue beam but has tittle affect on the 
red and green beams (figure 4). 

Four convergence-correction signals are 
generated to drive ihe convergence coils: 
red convergence, green convergence, blue 
convergence, and blue-lateral convergence. 
Each of these four signals is a combination 
of oonvegence-cxrrrection signals. The pri- 
mary correction signals consist of essential- 
ly Halt parabolas, which, when their ampli- 
tude and polarity are adjusted, change the 
convergence linearity of a giver area of the 
display, The secondary convergence - 
correction signals consist of "B” shaped 
and ,# S" shaped waveforms that affect the 
symmetry top-t&boftom and left-toright 

The convergence matrix is made up of 
divider networks that allow various magni- 
tudes of the signals to be picked off to 




Fig, 2, Simplified schematic of ramp generator with constant-amplitude output Independent of 
control signal frequency. Output of peak detector provides feedback signal to adjust Miller In- 
tegrator current as needed to maintain constant output amplitude. 
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Fig, 3. The 69GSR Color Picture Monitor is a high-resolution monitor suitable for both color tele- 
vision production and digital imaging applications. The Option Qi NTSC decoder interface is in 
use in this photo. 



drive specific convergence coils. These In- 
dividual signals are then summed to create 
the four convergence-correction signals. 

The signals are matrlxed in such a way that 
beam motions are generally up-down and 
left-right in response to control movements, 
thus greatly simplifying convergence setup. 

The deflection amplifiers 

The horizontal deflection module contains 
resonant-scan circuits for driving the hor- 
izontal deflection yoke windings. Unlike 
many display deflection circuits, the 690SR 
horizontal deflection circuits operate in- 
dependent of the high-voltage supply, thus 
avoiding compromises in deflection per- 
formance and making the high voltage (and 
picture size) independent of scan rate, 

The vertical deflection module contains a 



linear power amplifier to drive the vertical 
deflection yoke windings. Also located with- 
in this module are the linearity correction 
amplifiers for top and bottom pincushion 
and top and bottom tilt. These are active 
circuits whose outputs provide a correction 
signal to the center of the vertical deflec- 
tion yoke windings. 

Protective circuitry in the raster-control 
module limits both the vertical and horizon- 
tal scan rates to prevent excessive dissipa- 
tion in the deflection and convergence cir- 
cuitry. Scan-tail signals are generated In the 
vertical and horizontal deflection modules to 
shut down the high-voltage supply, thereby 
protecting the CRT should either scan fail. 

The high-voltage power supply is a high- 
efficiency switching type, which provides 25 



kV to the CRT, along with other CRT oper- 
ating potentials. Output ripple is synchro- 
nized to the horizontal frequency. The dc 
(static) locus output is adjustable independ- 
ent of the anode voltage. 

A rugged design 

Another unusual feature of the 690SR is its 
physical design. The 690SR is designed to 
withstand severe shock and vibration, and 
reties mainly upon convection cooling to 
maintain conservative operating conditions 
for its electronic components. The structure 
and cooling method are Interrelated, with 
the structural supports also serving as ther- 
mal guides to direct convection heat flow. 

The 690SR is listed under Underwriters 
Standards 478 and 1244 (Pending, June 
1981), certified per Canadian Standards 
Association bulletin 556B, and complies 
with European safety standards l£C 348 
and I EC 435. 

Summary 

The 690SR is a new type of high perfor- 
mance color monitor for professional use in 
television production facilities and develop- 
ment laboratories. It has features which 
make it adaptable to both conventional 
television and digital computer environ- 
ments, and has built-in potential for expan- 
sion to serve these rapidly merging tech- 
nologies for years to come. 
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Many of today's "systems' ' resemble 
what we used to call conglomerations, 
Adoption of the IEEE-488 Interface stan- 
dard has made it easier to mechanically 
and electrically interconnect instruments 
from multiple vendors. However, other 
elements {not defined by IEEE-488) differ 
from instrument to Instrument making it 
difficult to integrate the pieces into an 
effective operating system. 

As discussions for a proposed new family 
of programmable Instruments progressed, 
it became apparent that much of the com- 
patibility problem centered around the 
codes and formats used to encode and 
transmit data within a system. Accordingly, 
a set of standard codes and formats for 
IEEE-488 Instruments was formulated and 
adopted at Tektronix. 

With the establishment of the codes and 
formats standard the task of developing a 
powerful, yet simple, IEEE-488 control soft- 
ware came into sharper focus. It seemed 
feasible to develop a set of software that 
would make Instrument programming 
straightforward and easy to understand. 
The goal for the overall program was to 
provide a versatile, modular, programma- 
ble instrumentation system that could be 
programmed and used by a diverse group 




Fig, 1, The TM 5000 Series— a programmable test and measurement system that Is easy to 
configure, easy to program, and occupies a minimum of space 



of people— those involved in research, de- 
sign, manufacturing, servicing, and other 
areas. The system should accommodate 
users having little or no programming ex- 
perience as well as those capable of tack- 
ling complex measurement problems. 

An instrument-oriented BASIC 

Because of its wide use In Industry, BASIC 
was selected as the basis for the new 
software, BASIC can be quickly grasped 
and applied to a wide variety of problems 
and tasks, and can be pul to work with a 
minimum understanding of the language 
as a whole. 

Several enhancements to BASIC adapt it 
to the instrumentation task. One extends 
the maximum length of variable names 
from two characters out to eight, thus in- 
creasing the programmer's ability to iden- 
tify variables with their English equivalents, 
or dose approximations, As an example, 
the variable "channel 1 ' could be written 
GH, CHA, CHAN, or CHANNEL, 

Another enhancement permits variables to 
be defined exclusively within the confines 
of a subroutine. This feature lets program- 
mers break down a complex program 
Into subroutine modules that can be ap- 
proached independently. 

Other enhancements allow any program 
line to be identified with a label, and pro- 
vide a flexible format for number entry. 

Front-panel programming 

For the Instrument-oriented user, a "team 1 * 
mode provides, essentially, a "nonpro- 
gramming" method of setting up instru- 
ments on the bus. The user sets up the 
instrument from the front pane! and by a 
single keystroke executes a command that 
causes the controller to query the instru- 
ment and store the control settings in 
memory, This is a fast, error-free way of 
programming an instrument, 

A new controller 

To fully implement the new software, a 
new instrument oriented controller — the 
4041— was developed. The 4041 Is based 
on the powerful 16-bit 68000 microproces- 
sor and accommodates up to 160 kilo- 
bytes of user RAM, The standard configu- 
ration includes 32 kilobytes of RAM and a 
DC 100 mag-tape cartridge drive that pro- 
vides up to 160 kilobytes of storage per 
tape. The DC 100 Is used to store pro- 
grams during program development, to 
load programs into system RAM during 
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Fig, 2. The 4CW1 Instrument-oriented controller is designed to serve needs in both engineering 
and production teat. It can be used (or program development, using an optional keyboard or 
any R$232*equlpped terminal, or set up (or "execute only" operation with programs loaded via 
mag tape cartridges. 



“execute only" operation, and for unat- 
tended, long-term data logging. 

The 4041 ‘s front panel contains an 18-key 
operator keypad Ten numeric keys, useful 
tor entering numeric information requested 
by an INPUT statement, are user-definable 
and can be assigned subroutines by the 
applications program, A 20-character al- 
phanumeric LED display communicates 
test procedures, operator prompts, and 
program results. Hardcopy is provided by 
a 20-column thermal strip printer. 

The basic 4041 is configured for “execute 
only' 1 operation. When using the 4041 for 
program development, an optional ROM 
set in a special carrier Is inserted via the 
front panel. This firmware completes the 
operating system and permits users to 
generate and debug original programs, 
Source code can be written using an op- 
tional keyboard that plugs into the 4041 
or any CRT terminal connected via the 
RS-232C port. A hardcopy printer can also 



be connected to the 4041 if an optional 
second serial interface has been installed. 
The 4041 Is compatible In appearance and 
mechanical design with the mainframe of 
the new TM 5000 Series of programmable 
instruments, 

A new family of programmables 

While work was proceeding on the soft- 
ware and the controller, a pa'allel program 
was underway to develop a whole family 
of programmable instruments, Designated 
the TM 5000 Series, the family includes 
nine new products at introduction: a triple 
power supply, 135 MHz and 350 MHz uni- 
versal counter/ timers, 20 MHz function 
generator, 4-Vz digit digital multimeter, 
16-channel rf scanner, multi-function 
interface, and two power mainframes, 

All of the Instruments comply with the 
Tektronix Codes and Formats Standard 
and have individual IEEE-488 interface 
controllers. Each has its own microproces- 
sor to perform processing locally and keep 



bus traffic and demands on the system 
controller at a minimum. 

An Important design decision was to make 
all of the functions and parameters set- 
table from the front panel, as well as being 
programmable. This provides a simple, 
straightforward means of programming an 
instrument. Lighted controls and digital dis- 
plays indicate the status of the instruments 
at all times (except for the DC 5009). A 
major operating convenience is front-panel 
display of an instrument's primary ad- 
dress, available at the touch of a button, 

At power-up, each instrument performs a 
self-test diagnostic routine to verify its 
readiness for use. If no internal error is 
found, the instrument enters the local 
state with its current front-panel settings 
and default remote settings, and signals 
the controller It is ready for service. If an 
internal error is found, an error code is im- 
mediately displayed on the instrument's 
front panel 

TM 5000 Series mainframes 

Two power mainframes: a three-compart* 
ment wide (TM 5003) and a six-compart- 
ment wide (TM 5006), house and provide 
power to the plug-in modules. Both 
TM 500 and TM 5000 plug-in modules can 
be plugged into either mainframe. This 
gives users the option to use both manual 
and programmable instruments in the 
same enclosure to optimize system perfor- 
mance and cost. 

A key-and-slot arrangement on the plug-in 
interface connectors prevents inadvertent 
insertion of alien modules. This scheme 
also provides a convenient means of 
reserving compartments for a particular 
class of instrument. For example, the right- 
hand compartment of each mainframe Is a 
high-power location, A PS 5010 Program- 
mable Power Supply inserted In this posi- 
tion can supply twice as much power as 
from another location. 

Separate 20-pin connectors in each com- 
partment interface with the programmable 
modules. These connectors are paralleled 
and brought out to a single IEEE-468 con- 
nector at the rear of the mainframe, 

A programmable triple power supply 

The PS 5010 Programmable Power Supply 
is designed to furnish commonly-used pos- 
itive, negative, and logic supply voltages, 
from a single unit. The 0 to + 32 and 0 to 
- 32 volt floating supplies (referenced to 
a common froni-panel terminal) can each 
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Fig* 3* The FG 5010 Programmable ZO MHz Function Generator can store 10 complete panel 
setups and has counled-burst and phase lock capabilities as welt as programmable symmetry 
and phase, 



supply up to 750 milliamps. In a main- 
frame high-power slot, up to 1.6 amps at 
15 volts is available. Programming incre- 
ments are 10 millivolts from 0 to 10 volts 
and 100 millivolts from 10 to 32 volts. Cur- 
rent limiting is also programmable in 50- 
milliamp increments from 50 mllllamps to 
1 .6 amps. The two supplies can be oper- 
ated independently or set in a dual 
tracking mode. 

The logic supply is ground-referenced and 
programmable over a range from 4.5 to 
5.5 volts in 10 millivolt increments. Here, 
too, currenl limits can be set In incre- 
ments of 100 miliiamps over a 100 milli- 
amp to 3-amp range. 

The supplies have three operating states— 
voltage regulated, current limited, or un- 
defined. Should a supply change from one 
state to another, for example, from voltage 
regulated to current limited, the PS 5010 
will Indicate the change on its digital dis- 
play and send an interrupt to the system 
controller, The controller can then query 
the status of the supply and take appro- 
priate action, 

Unique function generator control 

The FG 5010 Programmable Function 
Generator provides the usual capabilities 
plus some unique ones. For example, 
users can control waveform symmetry in 
one-percent increments from 10 to 90 per- 
cent, and can program phase from +90 
degrees to -90 degrees in one-degree 
steps when operating in the trigger and 
gate modes. In the phase-locked mode, 
phase with reference to the locking signal 
can also be controlled with the same reso- 
lution and range. 

Frequencies from 2 milllhertz to 20 mega- 
hertz, amplitudes from 20 millivolts to 20 
volts, and offsets from 0 to 7.5 volts are all 
programmable. An error-correction circuit 
maintains frequency accuracy within 0,1 
percent. All of the programmable func- 
tions, parameters, operating modes, and 
so forth can be set up manually via front- 
panel pushbuttons. The FG 5010 can store 
up to ten setups, thereby reducing bus 
programming time during system 
operation, 

Counter/ Timer 1 -picosecond resolution 

The 350 megahertz DC 5010 Universal 
Timer/ Counter also contributes some 
unique capabilities to the system. A propri- 
etary, front-end, integrated circuit, which 
was designed and fabricated at Tektronix, 
makes possible one-picosecond averaging 



resolution. Single-shot tine resolution is 
3,125 nanoseconds. 

Both the DC 5010 and the 135 megahertz 
DC 5009 feature a dual-input ratio archi- 
tecture, with several modes for adding, 
subtracting, and calculating ratios of 
events on the two channels, 

An autotrigger function measures the peak- 
to-peak Input signal amplitude and sets the 
trigger level to the 50 percent point. The 
DC 5010 uses this same peak-to-peak In- 
formation to calculate the 10 percent to 
90 percent rise and fall times of the input 
signal, A null function subtracts an Initial 
reading from subsequent readings, to 
automatically compensate for differences 
in cable lengths, and so forth. 

All of the DC 5009 and DC 5010 functions 
can be controlled from the front panel or 
the IEEE-488 bus, 

A smart 4-Y2 digit multimeter 

The DM 5010 Programmable Digital Multi- 
meter is a 0.015 percent instrument with 



extensive math capability. Besides mea- 
suring resistance and AC or DC volts, the 
DM 5010 calculates averages, handles off- 
set and scaling, performs decibel conven 
sions, has a nulling function, and makes 
comparison readings for a hjgh-low-pass 
sorting mode. This extensive math capabil- 
ity makes the DM 5010 a valuable stand- 
alone instrument, and greatly reduces 
time on the bus when used in systems 
applications. 

The DM 5010 measures up to 1000 volts 
DC, 700 volts true RMS AC, and 20 meg- 
ohms of resistance. A user can step 
through the ranges or use autoranging 
in both manual and programming modes 
of operation. A dual sample rate provides 
4 -V 2 digit resolution at 3 measurements 
per second, or S-Ya digit resolution at 26 
measurements per second. As with other 
TM 5000 instruments, the DM 5010 is fully 
programmable from the front panel or the 
IEEE-488 bus. 
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Fig. 4. Th© DC 5010 Programmable Universal Counter/Timer features reciprocal frequency 
auto-trigger, RISE/ FALL mode, and one-picosecond time Interval averaging resolution. 



Rounding out the system 

An important part of any system activity 
Is interfacing the test instruments to the 
device under test. Two products in the 
TM 5000 family — the Ml 5010 Program- 
mable Multifunction Interface and the 
St 5010 R.F. Scanner— make the task 
relatively easy. 

The Mi 5010 and Its companion MX 5010 
Multifunction Interface Extender module 
each provide space for three plug-in 
cards. The purpose of the modules and 
their cards Is to provide a programmable 
interface between the TM 5000 Instru- 
ments and the device under test, and 
other non-IEEE-488 programmable 
instruments. 

Three cards are available at introduction: 
The 50M30 Programmable Digital I/O 
Card features 16 channels each of digital 
input and digital output. Both Input and 
output are TTL compatible. Typical applica- 
tions for this card include interfacing with 



relay drivers, switches or custom key- 
boards, BOD data from non-IEEE-488 in- 
struments, and static binary words. 

The 50M40 Programmable Relay Scanner 
Card serves as a low-frequency scanner 
accommodating up to 16 inputs or outputs. 
The card contains 16 mercury- wetted 
relays that can be configured 16-to-l, 
8-to-l. or 4-to-l by positioning jumpers. 
Typical uses include control of larger 
relays, scanning a multimeter input over 
several signal points, turning on lights or 
audible indicators, and so forth. 

The 50M70 Programmable Development 
Card allows users to design their own 
special functions, such as digital- to-analog 
and analog- to-digital converters, special 
word recognizers, or any other function 
needed to complete an automated system, 
without concern for interfacing to the 
TM 5000 system, The rear portion of the 
card contains interface firmware, with the 
remainder of the card (about 20 square 



inches) reserved for the user's customized 
circuitry. 

For switching high-frequency signals, the 
SI 5010 R.F. Scanner provides 16 wide- 
bandwidth channels that can be software- 
configured into a 16-to-l, two 8-to-l , or 
four 4-to-l configurations. Opt mum 
bandwidth is 350 MHz in the 4-to-l 
configuration. 

Both the SI 5010 and the Ml 5010 have a 
real-time clock and buffer for sequence 
storage and execution, allowing the system 
controller to attend to other activities 
while switching commands are being 
implemented. 

Summary 

The TM 5000 Series Programmabfes are 
designed to extend the advantages of auto- 
mated test systems to users previously 
denied access because of limited interfac- 
ing capability or programming expertise, A 
new instrument-oriented controller and ex- 
tended- BAS 1C language provides versatility 
adequate for even the most sophisticated 
applications. And the modular design pro* 
vides configurability and compactness 
unique in programmable systems. 
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Tektronix customers are well aware of the 
benefits plug-in modularity affords oscillo- 
scope users. Mow, these same benefits 
are available to logic analyzer users, Select^ 
able, plug-in card modules and a powerful 
mainframe let you configure the new 
DAS 9100 digital analysis system to meet 
your specific needs. You can have syn- 
chronous or asynchronous data acquisition 
at speeds up to 330 MHz, timing resolution 
to 1,5 nanoseconds on 8 channels, and 
data widths from 16 channels at 330 MHz 
to 104 channels at 25 MHz. 

And the DAS can be more than just a 
logic analyzer. Two plug-in pattern genera- 
tion modules let you generate word widths 
up to 80 bits at rates to 25 MHz, Combin- 
ing pattern generation and data acquisition 
in a single modular instrument provides 
greater performance versatility and oper- 
ating ease than Is possible with separate 
units. 

The DAS mainframe houses up to eight 
plug-in card modules. Two slots are re- 
served for the controller and time base/ 
trigger modules, with the remaining six 
slots available for configuring the DAS 
to your specific task. 

For data acquisition, there is a choice of 
four different modules: 



* The 91A32— 32 channels and sampling 
rates to 25 MHz; well-suited for analyz- 
ing bus transactions. 

* The 91A08— an eight-channel, 100-MHz 
unit with 5-ns glitch capturing capability. 

• The 91 ACM— -with four channels capable 
of 330-MHz acquisition and operation in 
a high-speed mode providing two chan- 
nels of 1 .5 nanosecond resolution, 

• The 91AE04— a four channel, 330 MHz 
expander module, 

Up to four acquisition modules can func- 
tion in the DAS mainframe simultaneously, 
Memory depth is 2048 bits per channel 
with the 91A04 (4096 bits in the Iwo- 
channei mode) and 512 bits per channel 
with the 91A08 and 91A32, 

Two card modules are available for the 
pattern generator The 91P16 basic unit 
provides 16 data output channels, two 
strobes, and a clock. An expander module, 
the 91P32, adds 32 data channels and 
four strobes. Three pattern-generator 
nodules can function in the DAS simulta- 
neously, to generate up to 80 channels of 
data and 10 programmable strobes at 
rates up to 25 MHz. 

A common controller 

The DAS uses a single Z80 microproces- 
sor to control both data acquisition and 
pattern generation. You can start either 
function separately or both at the same 
time. The controller card contains 32 kilo- 
bytes of system RAM, with firmware occu- 
pying up to 128 kilobytes of ROM, part of 
which resides on the various modules. As 
the ZBQ address bus is not open-ended, a 
way of mapping a module's firmware into 
the Z80 address space had to be imple- 
mented, This Is accomplished by two 4-bit 
registers that are programmed to select 
the module and the particular ROM on the 
module to be addressed. 

Communication between modules is via 
two busses: the controller bus— used for 
internal communications, and the high- 
speed bus, dedicated to control applica- 
tions, The controller bus goes to all of the 
modules and carries address and data in- 
formation. Faster signals, such as clocks, 
qualifiers, and word recognition travel the 
high-speed bus, Communication between 
the pattern generator and its extension 
modules is also via the high-speed bus. 

Menus for manipulation 

Extensive menus provide a high degree of 
versatility, yet make the DAS setup straight- 



Flg. 1. The DAS 9100 Digital Analysis System provides a choice of performance via plug in 
card modules. An easy-to-use keyboard, selectable menus, and a large, bright display 
facilitates operation. 
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Rg. 2, The menu selection section of Ihe 
DAS keyboard. 

forward and easy to understand. Fgure 2 
shows the menu section of the DAS key- 
board. There are seven general menus: 
five control the data acquisition function, 
one Ihe pattern generator function, and 
one the input/output function. Several sub- 
menus can be selected Irom fields dis- 
played in the general menus. At power up, 
all menus are automatically programmed 
with default values allowing Immediate use 
of the DAS capabilities, 

Also at power up, a configuration display 
lists the mainframe bus slots and identifies 
the installed modules. This display tells the 
user when power-up self-tests have been 
completed and Indicates which modules 
pass or fell* If all elements pass, the screen 
displays a message instructing the user to 
select a channel specification, trigger speci- 
fication, or pattern generation menu to 
program the desired function. 

The Channel Specification menu (figure 3) 
controls the way In which incoming data is 
formatted and used by the trigger specifi- 
cation, state table, and mnemonic menus, 
However, it does not control how data Is 
acquired. Once probes have bean con- 
nected to the system under test, you can 
use this menu to change the display of 
data channels without manualiy reconnect- 
ing the probes or acquiring new data. 
Probe pods and channels can be grouped 
into logical display blocks* such as ad- 
dress, data, or control lines, and the order 
in which the groups will be displayed can 
be defined. A group may have from one to 
96 channels. The Channel Specification 
menu is also used to select the radix and 
logic polarity of the displayed data, and for 
setting the probe threshold voltage for 
each group. 
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Fig. 3. The Channel Specification menu allows you to group the data Input channels and 
arrange their display order, set probe threshold voltages, and choose the display radix (hex* 
binary* or octal)* 




Fig. 4. The Trigger Specification menu is used to set up triggering parameters including clocks 
and qualifiers, 



Versatile triggering provides 
split acquisition 

The DAS provides a wide choice of trigger 
setups. Each DAS module has its own pa- 
rameters. which are selected using the 
Trigger Specification menu (figure 4). With 
the 32-channel acquisition module in- 
stalled, three-level sequential triggering 
(with various logical combinations}, multi 
pie trigger occurrences, arming, and delay 
times can be selected. Two clock qualifiers 
also can be set, installation of a 91A08 
module adds a 5-nanosecond glitch trig- 
gering capability and the trigger-arming 
capability when used with the 91A32 
module* 



The DAS also can acquire and display In- 
formation from multiplexed microprocessor 
busses. With two 91A32 modules installed, 
a trigger specification submenu allows you 
to configure the DAS for external-split clock 
operation. By adding modules, up to three 
separate external clocks may be tracked, 
in turn, arming another module for asyn- 
chronous acquisition of high-speed data. 

As a timing analyzer, the DAS provides 
state-of-the-art performance with resolution 
selectable from 40 nanoseconds to 1,5 
nanoseconds. The timing display is en- 
abled by selecting the Timing Diagram 
menu, A typical timing display is shown in 
figure 5, The display includes logic events 
stored in the acquisition and glitch merno- 
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Fig. 5. The timing diagram provides glitch viewing and magnification up to 10,000 times for 
making htgh-resolutlon measurements. The portion of the timing window being displayed Is 
Indicated by the dark square In the horizontal green bar at upper right. 
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Fig. S. This timing diagram shows simultaneous acquisition of synchronous data (low-speed 
acquisition) and asynchronous data (high-speed acquisition), using the trigger arming mode. 
The low and high speed displays are displayed In correct time relationship. 



rtes, and several other elements to help 
you in analyzing the data. 

When using multiple 330- MHz data acqui- 
sition modules, the transition time down 
the backplane between modules in the 
mainframe can be an appreciable part of 
a sample interval. Provision is made to 
automatically deskew, or balance out, the 
data paths in each high-speed module to 
assure correct time relationships, Deskew- 
ing is of particular importance in the T5 
nanosecond resolution mode. 

The DAS even allows split acquisition of 
data, in which slow and fast acquisition 
modules operate as linked logic analyzers. 
This operation is catied the "arms mode/’ 



Although many analyzers have an arming 
capability, there Is an important difference 
In the DAS arming mode — both slow and 
fast data are displayed simultaneously and 
in correct time relationship. 

To accomplish coincidence of the two data 
displays in the arms mode, the fast data 
module samples the slow data’s clock and 
stores the result in a clock array. The DAS 
also records the slow and fast modules' 
trigger points, and the number of fast 
clocks occurring between the two triggers. 
Using these bits of information, the DAS 
firmware calculates what the relative on- 
screen positions of the data should be and 
displays them accordingly. The positions of 



the cursor and the fast and slow triggers 
are also displayed. 

Of particular Importance in spilt acquisition 
is the MAG (magnification) field, which 
allows you to increase the display resolu- 
tion, in default, no magnification is used 
and the entire memory content of each 
channel trace is shown. You can select 
magnifications of up to 10,000 times In a 
1-2-5 sequence (see figure 6). A memory 
window in the upper-right section of the 
screen shows the portion of memory being 
displayed. 

When a 91AQ8 acquisition module is in 
use, glitches are always acquired. You 
can quickly determine whether a displayed 
pulse is data or a glitch Dy setting the 
GLITCH field to OFF, 

The SEARCH field in the menu allows you 
to do two types of searches. You can 
search for the next change in data values 
(from the memory cursor location) or you 
can search for a specific data word. When 
data has been acquired using a fast Inter- 
nal clock rate, the search for next change 
of data mode allows you to quickly move 
to the next area of interest without contin- 
ual scrolling. The logic levels present al 
the cursor position are displayed in binary 
at the right-hand edge of the screen. 

The POD and CH (channel) fields at the 
left of the screen identify which data chan- 
nels are being displayed, You can use 
these fields to display channel traces in 
any order you choose and can label each 
trace with a name consisting of up to six 
characters. The trigger cursor indicates 
the position of the trigger word on-screen. 
Both fast and slow triggers are indicated 
In split acquisition timing displays. 

Mnemonics enhance state 
table displays 

The Channel Specification menu provides 
great flexibility In formatting data for the 
state table display. Once data is acquired, 
it can be moved around easily and grouped 
for fast, efficient analysis. The State Table 
menu (figure 7) gives you a choice of dis- 
playing data residing in acquisition memo- 
ry, or displaying data from reference mem- 
ory separately or simultaneously with ac- 
quisition memory. You can also choose to 
mask out columns of data so that they are 
ignored during memory comparisons, or 
select a portion of the data In reference 
memory, for comparison. 

The state table display can be enhanced 
by use of the Define Mnemonics menu 
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(figure 8), With this menu you can identify 
events with a word and more easily follow 
data transactions acquired by the DAS, 
Mnemonics can be linked to Individual 
probe inputs for easy separation of data. 
Up to 256 mnemonics can be assigned. 
When the Define Mnemonic menu Is 
selected, the menu “reads" the Channel 
Specification menu to find out how the 
channels are grouped together, it then 
provides a mnemonic table for each valid 
group, All 256 mnemonic values can be 
entered under one table or divided Into as 
many as 16 separate groups, The group 
table can be used to disassemble data dis- 
played in the state table, 

A trailing words field lets you specify wheth- 
er a given mnemonic applies to more than 
one data value. Many assembly languages 
use a series of data words for one Instruc- 
tion, You may want to specify a mnemonic 
on the first word and disable disassembly 
on the remaining words. The trailing words 
feature gives you this capability for up to 
nine trailing words. In addition you can 
use mnemonics for labeling calls to sub- 
routines or for defining your own custom 
labels. 

The pattern generation function 

In the Introductory paragraphs of this arti- 
cle we discussed briefly the pattern gener- 
ation capabilities of the DAS— word widths 
up to 80 channels, clock rates to 25 MHz, 
and up to 10 programmable strobes. Now 
let’s consider this function In greater 
detail 

The basic pattern generator module pro- 
vides 16 channels of data output, plus two 
strobe outputs and a clock output. An ex- 
tension module adds 32 data outputs and 
four more strobes. The basic module and 
two expansion modules can be plugged in- 
to the DAS to provide a total of 80 data 
channels and 10 strobe outputs. Up to 254 
different words can be defined in a single 
program. 

Like the logic analyzer function, the pat- 
tern generator is menu driven. Two sub- 
menus direct Input from the keyboard to 
set up the pattern generator for the specif- 
ic application, The Program sub-menu (fig- 
ure 9) allows you to specify clock source 
and rate, response to input signals from 
the system under test, and to program the 
data output, Seven instruction keys {figure 
10) are used with this menu, You can: 
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Fig, 7, Using a state table display, both acquisition and reference memory can be viewed 
simultaneously for easy comparison of newly acquired data with known data 
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Fig, 8. The Define Mnemonics menu allows you to label numerous values with a custom word 
of up to 10 characters, The iralNng-words feature allows you to apply a given mnemonic to 
more than one data value. 



* Specify each word in the pattern 
generation sequence 

* Loop to labeled program lines 

* Call labeled subroutines and return 
from them 

* Program incremental counting 

* Repeat a word n number of times 

* Hold the same data output for n clock 
cycles (with clock output disabled) 

* Halt data output 

* And select the number cf active strobes. 



Fig, 10, The pattern generator instructions 
keyboard simplifies entering Instructions in 
the program. 
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FIO. fl. The Pattern Generator Program sub-menu is used to set up Ihe pattern generator s 
output program and select the programmed strobes. 
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Fig, tl. The Pattern Generator Timing submenu is used to define Ihe characteristics of the 
programmable strobes and the pattern generator's start mode (either run or step*. 



The pattern generation Tinning menu (lig- 
ore 1 1) provides control of two pattern 
generation functions: the mode in which 
data will be output — continuous or step by 
step, and the characteristics of each 
strobe output. Three characteristics can 
be defined — delay of the strobe output 
with respect to the output clock edge, du- 
ration of the strobe, and the polarity of the 
strobe. The strobe outputs can be pro- 
grammed and combined in a manner to 
simulate bus management activity and 
thus control the input of a programmed 
pattern sequence to a prototype. 
Interaction with the prototype is enabled 
by programming the pattern generator to 



respond in specific ways to active inputs 
on the DAS's pause, inhibit, and interrupt 
lines. An active "pause" signal from the 
prototype wii cause the pattern generator 
to stop at its most recent step rn pro- 
grammed data output until the prototype 
releases the "pause." Tie pattern genera- 
tor will then resume output at the next 
step in the pattern program. If the proto- 
type initiates an ‘InhbfT signal, the pat- 
tern generator's data output imes go tri- 
state, effectively disconnecting them from 
the bus. If the prototype asserts the "inter- 
rupr tine, the pattern program will jump to 
a specified subroutine, execute it, and 
then return to the main pattern program 



flow. It is possible to have subroutines 
nested inside the interrupt routine. The 
system permits up to 16 levels of nesting, 

Interfacing the pattern generator 

Two different pattern generator probes 
were developed to provide interfacing with 
the various logic families. The TTL/MOS 
version has active pull-up and pull-down 
and accommodates large swings and rela- 
tively slow rise and fall times. 

Each probe provides ten output channels: 
eight data, one strobe, and one clock. 
Additional lines connect to voltage rails 
and establish the high- and low-level 
thresholds. 

The external clock, and pause, Inhibit and 
Interrupt signals are Input to the pattern 
generator via a clock probe plugged into 
the frigger/timebase module The same 
probe provides a master-exlemal-ciock in- 
put and two additional external-clock lines 
for external-split-clock operation of the 
32*channet data acquisition module. 

DAS applications expanded 

Several optional features allow you to ap- 
ply the DAS to applications outside the 
usual design realm. The DC 100 Magnetic 
Tape Drive Option provides over 160 kilo- 
bytes of permanent storage thai can be 
used for saving test patterns used in de- 
signing and troubleshooting a product. 
These saved patterns are quite useful in 
testing and evaluating a product in produc- 
tion, Instrument setups and mnemonic 
tables also can be stored and used to 
automatically restore the DAS to a particu- 
lar setup. 

Another option provides the DAS with 
RS-232, IEEE-488 GRIB, and hard copy 
unit interfaces. The RS-232 and IEEE-488 
interfaces allow you to operate the DAS 
from a controller in networked or auto- 
mated test applications. The remote pro- 
gramming language supoorts all opera- 
tions which can be performed from the in- 
strument keyboard and some additional 
commands that are useful for automated 
test applications. 

The RS-232 interface also allows one DAS 
to be linked with anothe' in a master/slav© 
arrangement for remote operation. The 
master DAS serves as Ihe controller for 
setting up and operating the remote slave 
DAS, and does not have to have the same 
complement of modules as the slave. 
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An optional composite video output allows 
documentation of test results and operat- 
ing parameters through the use of a hard 
copy unit such as the Tektronix 4612 or 
4632, This port also may be used lor con- 
necting to a remote monitor for group 
viewing. 

Self-test diagnostics 

When an instrument performs as many 
functions as the DAS, it Is important to 
have self-test at power up, Each time the 
DAS is powered up, internal diagnostic 
tests automatically check out the major 
mainframe components and operating 
firmware* 

During the first phase of the self-test, the 
DAS tests the major blocks of RAM and 
ROM and initializes I/O ports, After Initial)* 
ration is complete, a screen display (figure 
12) lists the installed modules, which slot 
they reside In, and whether each passes 
or fails the self-test. Procedural options are 
listed at the bottom of the display. An ex- 
tended diagnostic menu can be called up 
to run tests that fulty check out any 
module or the entire system. 

To allow you to check out the probes used 
with the DAS, a diagnostic lead set is pro- 
vided that facilitates connection between a 
pattern generation probe and an acquisi- 
tion probe. A preset walking-ones pattern 
allows you to test the complete path from 
the pattern generator, through the pattern 
generator and acquisition probes, to the 
acquisition module. This setup Is also a 
convenient vehicle for learning how to 
operate the instrument. 

Summary 

The DAS 9100 is a unique combination of 
state-of-the-art logic analyzer and pattern 
generator, ft is designed to allow you to 
efficiently simulate, stimulate, and analyze 
tne response of digital circuitry Modular 
design lets yog configure the DAS for to- 
day's tasks and expand it to meet future 
needs. It is easy to operate, yet versatile 
enough to handle even the most demand- 
ing application. 
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ment work on automated calibration procedures 
Bob received his BA in physics from Unheld 
Collage in 1967 and performed graduate work 
at the University of Colorado in Boulder. His 
ieasum time activities indude ham radio and 
astronomy. 
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Fig. 1* Set-up times are decreased and ease- 
of'Use Is Increased (Improved productivity) 
when Instruments use GPIB combined with 
standard Codes and Formats and user- 
oriented operating conventions. 



Exciting new measurement capabilities 
are announced almost daily in the form of 
microprocessor-based products designed 
to operate as stand-alone Instruments or 
as part of an automated measurement 
system. 

The IEEE Standard 488. introduced in 
1975, makes the task of assembling a 
system much easier by defining a stan- 
dard interface for programmable Instru- 
ments, The standard covers three basic 
aspects: 

Mechanical— the connector and the 
cable. 

Electrical —the voltage levels for logic 
signals and how the signals are sent and 
received. 

Functional— the tasks that an Instru- 
ment's interface is to perform, such as 
sending data, receiving data* and trigger- 
ing the instrument. 

Using the Interface standard, instruments 
can be designed for bas c compatibility. 
However, this standard Is only the first 
step in ensuring compatibility. Instruments 
from various manufacturers still differ In 
the way in which data Is encoded and 
transmitted. The situation can be likened 
to two persons trying to converse over the 
telephone; they have a physical connec- 
tion, but unless both speak and under- 
stand the same language* little communi- 
cation takes place. 

To resolve this dilemma for instrumenta- 
tion, Tektronix has developed a codes and 
formats standard This standard estab- 
lishes a common message structure, 
describes communication elements and 
how they will be combined, defines control 
protocol, and standardizes features that 
are particularly important to test, measure- 
ment, and analysis systems. 



Because nearly alt of today's IEEE-488 in- 
struments use ASCI l -coded characters to 
send and receive data, Tektronix has 
chosen ASCII coding as standard. In addi- 
tion, nearly all Instruments that send or 
receive numbers use the ANSI X3.42 stan- 
dard format. This format states, In effect, 
that there are three types of numbers — 
integers, reals, and reals with exponents— 
and that they should be sent with the most 
significant character first, Table 1 shows 
examples of these formats. 

Note that while a number has been defined, 
its use has not, The codes and formats 
standard places no restrictions on the use 
of a number. It does not matter whether a 
number is from a multimeter, counter, or 
spectrum analyzer. In all cases, the syn- 
tax, or structure, of the number is the 
same. 

Instruments that incorporate microproces- 
sors can perform complex functions. To 
have a computer or instrument controller 
fully Interact with such devices requires 
code and format conventions more com- 
prehensive than those that simply define 
numbers. 

For Instance, consider a device that 
makes a group of measurements and is 
asked to report them, This requires a 
group of numbers to be sent. In the 
Tektronix standard, a comma is used to 
separate one number from another. As an 
example, a digital multimeter might send 
measured output voltage limits as — 2.32. 
1.65. 

Further, suppose that another device 
makes two different types of measure- 
ments, such as frequency and phase, and 
is asked to report them. There should be a 
means for identifying each type. This is 
done by sending a "header" that is a de- 
scription of the number. If headers and 



Table 1: Number Formats (ANSI X3.42) 


NR1 


375 

+ 8960 
-328 
+ 0000 


Value of '‘0” must not contain a minus sign. 


NR2 


+ 12.589 
1.37592 
-00037.5 
0.000 


Radix point should be preceded by at least 
one digit. 

Value of "0" must not contain a minus sign. 


NR3 


— 1 .51 E + 03 
+ 51.2E - 07 
+ 00.0E + 00 


Value of “0" must contain an NR2 zero 
followed by a zero exponent. 
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numbers are sent sequentially, they must 
be separated from each other. A semi- 
colon is used for this purpose; for exam- 
ple, FREO 3570; PHASE 72 . 

These well-defined formats significantly 
enhance data communication compatibility 
over the IEEE-488 bus. 

The human interface 
The rapid growth in the numbers of in- 
struments that include an IEEE-488 inter- 
face means more people will be involved 
in connecting these instruments together 
to perform some measurement function. 
Typically, the people will have widely diver- 
gent skill levels. The manner in which an 
Instrument can be programmed will deter- 
mine the skill level required to effectively 
use it. For instance, consider an IEEE-488 
programmable power supply, tt can be 
designed In one of two ways. The first is 
with minimal intelligence that allows the in- 
strument to accept some code that can be 
conveniently interpreted and executed. As 
an example, some power supplies require 
the sequence 0 8 E 3 to put out 20 volts. 
Here, the "CT stands for the 040-36 volt 
range, and the "BES" is the ASCII repre- 
sentation of the hexadecimal commands 
required. 

The second method is to design the power 
supply with a microprocessor and intelli- 
gence to accept easily understood num- 
bers. In this instance, to put out 20 volts 
from the positive supply of a multiple- 
supply instrument, the programmer simply 
sends the character sequence IJ VPOS 20 r \ 
This method of Interacting is obviously 
easier for the person writing the original 
program and also for someone who later 
has to figure out what the program is sup- 
posed to do. 

Numbers In easily read formats are easily 
handled by both computers and people, it 
is also necessary to send instructions to 
an instrument in a format other than 
numbers. For example, in setting up a 
measurement, you may want to specify: 
trigger external, peak auto, and function 
sine. In ihese instances, we can treat the 
first word as a header and the second 
word as a data type that is different from 
a number. 

Other data types, called arguments, are 
useful for various purposes: 

Character arguments— for sending in* 
formation relevant to a header but not 
expressable as a number; for example, 
GRATICULE ON Of COUPLING DC, 



String arguments— for sending text to a 
display or printer. 

Binary block arguments — for sending 
binary data of known length. 

Link arguments— for sending certain 
types of instrument commands. 

End block arguments— for sending 
binary data of unknown length or format. 
The same general formal can be used 
for air types of communications on the 
IEEE-488 bus. Table 2 defines the mes- 
sage structure used for Tektronix 
instruments. 

Message conventions 

While the use of standard codes and for- 
mats enhances compatibility between de- 
vices using the IEEE-488 bus, it does not 
solve all of the compatibility problems. 
Well-defined operational conventions are 
also needed. 

A good example is the need for a standard 
way to terminate messages. Two methods 
are currently in use; the first sends printer 
format characters such as CR or CR IF; 
and the other asserts the EOi sine during 
the time the last data byte of the message 
is sent. 

The first method provides opportunity for 
confusion. For example, It is possible for a 
message to contain a sequence of binary 
coded bytes which, if perceived as ASCII, 
will appear to be a CR LF and thus be 
misinterpreted. 

The second termination method— assert- 
ing EOI concurrently with the last byte — 
unambiguously terminates the message. 
This is the method specified in the 
Tektronix Codes and Formats standard. 
Other problems can be created by the 
lack of good message handling conven- 
tions. A classic example Is a programm- 
able power supply which executes each 
individual command as received, tf the 
programmer neglects to set the current 
limit first and programs a substantial in- 
crease in output voltage, the device under 
test could be damaged. A power supply 
designed to execute a command only after 
receiving the entire message terminated 
by asserting EOi would not present this 
problem. 

This same convention prevents misunder- 
standings between a computer and a mea- 
surement instrument When instructed to 
send a measurement message, an instru- 
ment sends EOI only when the message is 
completed, and no more data Is sent unless 



directed by the computer to do so. Thus, 
the computer knows the message is com- 
plete, and the instrument has not been 
stepped in the middle of talking. 

The Tektronix Codes and Formats standard 
defines a message to be a complete block 
of information. It begins when a device 
starts sending a message and ends when 
EOI is sent concurrently with the last data 
byte. 

Obviously, it is important to also clarify the 
beginning of a message. An Instrument 
sending a message may be Interrupted by 
the computer taking control, perhaps to 
conduct a serial poll. When the instrument 
becomes a talker again, It should resume 
sending the message. Thus, the message 
beginning is defined as the time when a 
device enters the talker active stale for 
the first time following a reset or a pre- 
viously sent EOI. 

There are other elements in the message 
convention When a device is made a 
talker, it should always say something. If it 
has nothing to say, it should send a byte 
of all ones concurrent with EOI. This tells 
the listening device that no meaningful 
data is forthcoming and prevents tying up 
the fEEE-488 bus while the computer wails 
for a nonexistent message. 

A listening device should always hand- 
shake, even when it does not understand 
or cannot execute a particular message. 
Under no circumstances should a device 
execute a message it does not under- 
stand. After EOI is received, if the listening 
device Is confused, it should send out a 
service request and, on a serial poll, notify 
the controller that the message was 
unclear. 

Status byte and query convention 

The Tektronix Codes and Formats standard 
also Includes a status byte convention to 
augment that provided by IEEE-488 The 
IEEE-488 standard defines a facility to 
send a byte of status data to the com* 
puter. Hc*vever, it assigns only one bit- 
bit 7 — which shows whether a device is, 
or is not, requesting service. 

There Is a need for instruments to report 
other kinds of status and/or errors to the 
computer One common need is for in- 
struments to report if they are busy or 
ready (bit 5 Is used for this purpose). An- 
other need is to report abnormal condi- 
tions being encountered (bit 6 is selected 
for this), More complex conditions are 
reported by other status byte conflgura* 
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Table 2: Dev ice- Depen dent Message Structure 



A massage represents a given amount 
of information whose beginning and 
end Is defined. It ts communicated 
between a device functioning as a 
talker and one or more devices func- 
tioning as listeners. 

A message begins when Ihe transmit- 
ting device Is initially addressed to talk 
and the receiving device Is addressed 
as listener. 

A message Is composed of one or more 
message units separated by message 
unit delimiters. A mesaage unit 
delimiter Is a semicolon. 

The message ends when the talking 
device asserts EOI» 

Argument Types and Examples 

Character Argument: 

TRIGGER 



Noncharacter Arguments: 
Number Argument 
-12.3 



There are two message unit types: 

1 Mixed Data Message Unit 
Two acceptable formats are: 

a. Header (In character argument 
format followed by a space and 
optional arguments of any type 
separated by commas), 

b. Noncharacter argument followed 
by optional arguments of any type 
separated by commas, 

2. Query Message Unit. 

Consists of a character argument 
such as "SET, "ID", or "FREQ" 
followed by a question mark. 



Definition 

One alphabetic ASCII character optionally 
followed by any number of ASCII charac- 
ters excluding space, comma, semicolon, 
question ma f k, the control characters, and 
rubout, 

A numeric value in any of the formats 
shown in Table 1. 



String Argument 
H Remove Probe' 1 



Binary Block Argument 



% 2 bytes 



Binary Data 8 bits 



16 bit wave- checksum 

binary form 

value values 



Link Argument 
NT.PT:1024 



End Block Argument 
®ABCDEFGHIJKL 
E 
0 

1 



Opening delimiter (single or double quote) 
followed by a series of any ASCII charac- 
ters except for the opening delimiter, and 
a dosing delimiter identical to the opening 
delimiter. 

followed by a 2-byte (16 bit) binary 
integer specifying the number of data 
bytes, plus a checksum byte which 
follows the cata bytes. The checksum 
is a twos complement of the modulo 256 
sum of the preceding binary data bytes. 
This includes the two bytes comprising 
the 16-bit Integer specification. 

Character argument (label) followed by 
and a value represented in any of the 
above argument types. 

followed by a block of data with EOI 
set concurrent with the last data byte. End 
block can only be the last argument in a 
message and cannot be followed by a 
message unit delimiter 



lions as shown in Table 3. These status 
bytes are useful for most purposes: how- 
ever, some instruments may have condi- 
tions that are peculiar to them. Bit 8 is 
used to Indicate that a status byte is par- 
ticular to an instrument, 



A standard coding for the status byte is a 
convenience when programming a system, 
especially If all Instruments use the same 
coding. This allows a common status byte 
handling routine to be written for all 
instruments, 



To supply even more detailed information 
than the status byte can convey, a set of 
queries are used. Queries take the form 
of a header followed by a question mark, 

A typical example is shown In figure 2, 
Here, the computer has asked the Instru- 
ment to state its frequency setting, 

A SET? query makes it possible to develop 
a program using an instrument's front panel 
as an input to the computer. The program- 
mer using this feature may never need to 
know the instrument's IEEE-488 bus com- 
mands. Implementing a SET command 
restores the instrument to the state it was 
In when the SET? query was invoked. 

Some fine touches 

As instruments get more complex and 
possess computer-like capabilities, more 
operational conventions will be needed. 
These conventions should make the Instru- 
ment easier to use if the intelligence is 
used properly. Here are some examples of 
conventions adopted by Tektronix to en- 
hance both computer/instrument compati- 
bility and human/system compatibility: 

M While an instrument should always 
send numbers in the correct format 
described earlier, it should receive 
numbers forgivingly. Specifically: 

* Negative zero numbers should never 
be sent, but they should be accepted. 

* Any number sent In scientific notation 
should be sent exactly as defined in 
ANSI X3.42 standard: that is, with the 
decimal point included. Some com- 
puters violate this standard by omit- 
ting the decimal point. This "illegal” 
number should be received with an 
implied decimal point following the 
least significant dig t. 

* If an instrument receives a number 
whose precision is greater than the 
instrument can handle internally, the 
number should be rounded off, not 
truncated, 

■ An Instrument should recognize both 
spaces and commas as argument 
delimiters. Multiple spaces or commas 
should not be construed as delimiters 
for null arguments, 

■ An Instrument should receive headers 
and character arguments In both upper 
and lower case and equate them (a = 
A, b = B), Some desktop instrument 
controllers have a problem sending 
upper case alpha characters. 
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Table 3. Status Byte Convention 

Name Code Function 

Normal conditions: 



Normal status OOGX 

SRQ query request 01 OX 

Power on 01 OX 

Operation complete 01 OX 

Abnormal conditions: 

ERR query requested 0 1 1 X 

Command error 01 IX 

Execution error 01 IX 

Internal error 01 IX 

Power fall 01 IX 

Execution error warning 01 IX 

Internal error warning 01 IX 



0000 Response to serial poll when 

condition of instrument Is normal. 

0000 Tells controller to query device for 
service needed. 

0001 Reported after every power on. Tells 
controller that device is on the bus. 

0010 Tells controller that a task is 
completed. 

0000 Reports error but does not identify it. 
Controller snould send query to 
Identify errors. 

0001 Reports that message received 
cannot be parsed. 

0010 States that message cannot be 
executed. 

001 1 States that device Is out ot calibra- 
tion or is malfunctioning, 

0100 Notifies controller that power failure 
is occurring. Controller may take 
action to save data or flag suspect 
operation. 

0101 Warns that device has received and 
is executing a command but that a 
potential problem exists. 

0110 Warns that device has an internal 
failure but is continuing to function. 




Ftg- 2, The use ot easy-to-remember queries Is an Important feature of TeMrorlx GPIB instru 
merits. Many query commands are formed by adding a question mark to the mnemonic for the 
salting to be queried. 



■ An Instrument sending data about its 
front-panel status should use headers 
and character arguments that corres- 
pond to the front-panel nomenclature. 



Compliance with these conventions make 
Tektronix instruments 1 'friendly' 1 to a casual 
or inexperienced programmer and com- 
patible with most computers, 



There are other features built into Tektronix 
Intelligent Instruments that enhance their 
usability. Here are two examples; 

The Service Request (SR) function and 
corresponding status byte are very impor- 
tant. They can alert the instrument con- 
troller to new events or possible malfunc- 
tions. For example, sometimes a computer 
or instrument does not want to be inter- 
rupted. For these cases, an RQS OFF 
message can be sent to disable any ser- 
vice requests. To turn the service request 
capability back on, an RQS ON Is sent. 
Another useful convention relates to the 
Device Trigger (DT) function, Sometimes a 
command message sent to an instrument 
should be executed immediately. At other 
times, the command should only set up 
the Instrument, and the des red action 
should be executed when the Group Ex- 
ecute Trigger interface message is sent, 

To make the instrument execute com- 
mands immediately, the message DT OFF 
is sent. Conversely, to make the instru- 
ment defer execution of commands, the 
message DT followed by a descriptive 
character argument such as TRIG or 
GATE is sent 

Summary 

The Tektronix Codes and Formats standard 
is designed to extend the compatibility of 
programmable Instruments, This standard 
should reduce the cost and time required 
to develop system and applications soft- 
ware by making it easier to generate 
anc understand the necessary device- 
dependent coding, 

Operatlonai conventions are an Important 
part of the standard. They ensure that 
communications over the bus take place 
in a logical, consistent manner and avoid 
ambiguities between the transmitted and 
received message. 
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tical sensitivity, wriling speed, sweep rates, I rig- 
ger ability. And Tektronix oscilloscopes set the 
performance standard. Now, another lac lor — 
price/performance— is assuming increasing im- 
portance And, again, Tektronix sets the stan- 
dard, with I he Introduction of the new 2200 
Series Portable Oscilloscopes, 








Designing a New Price/ Performance 
Standard for Portable Oscilloscopes 




Figure 1* The Tektronix 2213 and 2215 Portable Oscilloscopes provide 60-MHz dual-trace, delayed-swsep operation and a full 8 by 10 cm 
display in a package weighing only 13.5 pounds (6.1 kg). 



Expansion of electronics into nontradition- 
al areas is generating an Increasing de- 
mand for moderately-priced oscilloscopes 
to use in designing, manufacturing, install- 
ing, and servicing these new products. 

Several manufacturers, both domestic 
and foreign based, recently have intro- 
duced instruments to this marketplace. 

The chaf tenge for Tektronix was to develop 
a quality instrument which would be 
superior In performance, competitively 
priced, and supportable by our worldwide 
sales and service organization. 

A thorough evaluation of the measure- 
ment needs Indicated a series of instru- 
ments should be developed to best serve 
the diverse applications. 

First of the new series to be introduced 
are the Tektronix 2213 and 2215 60-MHz 
Oscilloscopes. Both feature dual trace, de- 
layed sweep operation, sweep speeds to 
5 ns/dMsion, and 8 by 10 centimeter fuff 
size displays. Instrument weight is less 
than 14 pounds — accomplished by using 
new construction techniques and a unique 
high -efficiency power supply design. 

A new approach 

The price/performance targets set for the 
2200 Series were formidable, A new ap- 
proach to design, manufacturing, and mar- 
keting was essential if we were to reach 
our goals. We took a long, hard look at our 
traditional manufacturing procedures, look- 
ing for areas where we could become 
more productive. One of the most promis- 
ing areas for improvement was our basic 
approach to oscilloscope construction. The 
typical oscilloscope contains eight to ten 



printed circuit boards. Ths requires a lot 
of board handling, plus cabfes and con- 
nectors to interconnect the boards. We 
needed a new approach, By contrast, the 
2213 has only three circuit boards: a main 
board, front panel board, and a small 
attenuator/ sweep board. The main and 
front-panel boards are connected by 
soidered-in straps, which provide maxi- 
mum reliability yet afford flexibility for ser- 
vicing. For example, any component on 
the front-panel board can be replaced 
without removing the board, 

Most of the cabling fn the 2200 Series 
is in the form of circuit board runs, a tech- 
nique that requires careful design to avoid 
crosstalk between adjacent conductors, 
The new approach reduces cabling and 
connectors by 90 percent and mechanical 
components by 65 percent, compared to 
other instruments of the same class. The 
reduction in parts and connectors con- 
tribute to improvements in reliability, ser- 
viceability, and light weight, as well as 
cost. 

Another area that afforded opportunities 
for cost reduction was component selec- 
tion. Commonality of parts simplifies stock- 
ing and reduces Inventory costs. The front- 
panel lever switches in the 2213/2215 are 
an excellent example. Most are three- 
position slide switches (the two-position 
trigger slope switches are the same switch 
slightly modified). Limiting the lever 
switches to three positions has the addi- 
tional benefit of simplifying the front panel, 
making the scopes easy to operate. 



Another component cost-saving tech- 
nique involves the X1-X1Q gain-switching 
amplifier used In the vertical amplifier 
system. To get the component density 
needed to achieve I he targeted bandwidth, 
the attenuator resistors are thick-film de- 
posited on a substrata A eommercially- 
availabie, 5-transistor array in a I64ead 
dual-in-line package is then attached to 
the substrate using reflow soldering tech- 
niques. This takes much less time than 
bonding the individual wires of a chip to 
the substrate. 

As you would expect, automated parts 
insertion 3s employed extensively, with 
about 70 percent of the parts machine 
Inserted, 

Some operating niceties 

While manufacturing efficiencies were a 
prime design consideration, equal attention 
was given to achieving the high perfor- 
mance and reliability goafs set for the 
2213 and 2215. 

One of the goafs was to include a de- 
layed sweep capability in the 2213, the 
lowest-priced scope in I he series. A unique 
approach that does not require a separate 
delaying sweep provides a low-cost de- 
Jayed sweep capability suitable for many 
applications. 

In the INTENSified horizontal mode, the 
signal that Iriggers the sweep also starts a 
delay generator. When the selected delay 
time has elapsed, a 2-axis signal is gener- 
ated that intensifies the trace for the re- 
mainder of the sweep. Delay is selectable 
over a range of 0.5 ps to more than 4 ms. 
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Figure 3. New design and construction techniques result in Ihe use of only three circuit 
boards in the 2213. Most cabling is in the form of circuit board runs, which reduces the 
need for connedors and enhances reliability. 



Switching to the DLY'D horizontal mode 
displays the same sweep (without intensifi- 
cation) but the start of the sweep is de- 
layed with respect to the trigger signal by 
the amount of delay selected 

For the more complex delaying sweep 
applications, the 2215 provides dual time 
base delaying sweep operation with 
alter nale-sweep display and triggered 
B sweep, 

The 2213 and 2215 also include operat- 
ing conveniences not found on even the 
more expensive osc if lose opes. Automatic 
Intensity and focus circuitry maintains a 
bright, sharp trace over a wide range of 
sweep speeds, Automatic intensity control 
eliminates the need for a separate intensi- 
ty control for the delayed sweep, which 
was sometimes a confusion factor for 
novice scope users. 

The auto-intensity circuit (figure 2) looks 
at the sweep duty cycle and generates a 
Z-axis control signal proportional to the 
duty cycle. Separate duty cycle circuits 
are used for the delaying and delayed 
sweeps and produce Z-axis correction 
appropriate for each time-base. 

The auto-intensity signal is afso applied 
to the focus circuitry to cause the focus 
voltages to track changes in intensity level, 

Versatile triggering 

Both the 2213 and 2215 feature peak-to- 
peak automatic triggering with level con- 
trol over the full range of the trigger signal. 
A TV FIELD mode provides stable trigger- 
ing at TV field rates. Triggering on horizon- 
tal sync and other repetitive pulses is 
enhanced by a variable holdoff control. 

In the interest of operating simplicity, 
selection of some trigger modes, such as 
INTERNAL AC and DC are not provided 
for on the front panel They are, however, 



operative within the instrument. When you 
are in the NORMAL triggering mode, the 
trigger is DC coupled. Conversely, in the 
AUTO mode, the trigger is, essentially, AC 
coupled. Ail triggering is independent of 
the vertical position control setting, and 



the trace can be positioned anywhere on- 
screen withoul having to readjust the 
LEVEL control. 

Reducing the weight 

In a portable instrument, a few pounds 
make a lot of difference. Weigh! reduction 
received a lot of attention in the 2213/ 
2215 design. The mechanical package is a 
monocoque; that is, the Instrument case 
contributes greatly to the structural 
strength of the package. This technique 
limits the need for heavy internal structural 
members, 

A new high-efficiency power supply 
design allows operation over a wide range 
of ac line voltages without the need lor the 
typically heavy ac power transformer. A 
single high frequency Iransformer supplies 
all of the secondary vollages needed, in- 
cluding the ert anode voitage drive via a 




Figure 2. Simplified block diagram of automatic Intensity and focus circuitry. Circuit ac- 
commodates changes In both A and B swoop rates. 
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Figure 4. The one-piece cabinet provides structural strength, helping to eliminate Ihe 
need for heavy structural members. 



high voltage multiplier, M of these factors 
contribute to the light weight of the new 
portables. 

Complete accessories 

Accessories are an important element m 
oscilloscope design. The new P6120 tOX 
attenuation probes designed for the 2200 
Senes provide full 60-MHz bandwidth 
operation at the probe lip, A new IG- 
grabber probe lip makes it easy to con- 
nect to Integrated circuit pins with mini- 
mum danger of shorting between pins. 

For the traveling user, an optional front 
cover and accessories pouch provide pro* 
lection for the front-panel controls, and 
keeps manuals and probes conveniently 
stored. 

The Tektronix C-5C scope camera and 
Mode! 200C SCOPE-MOBILE cart are also 
among the optional accessories available 
for the 2200 Series. 

A new marketing concept 

An important part of the 2200 Series plan- 
ning involved discussions on how to mos! 
effectively market moderately-priced in* 
strumenfafion. Research indicated thal 
relatively few purchasers of this type of 
equipment need a demonstration before 
making the purchase decision. According- 
ly, a factory order desk was established to 
provide price and delivery, or technical in- 
formation, directly fo the customer. Those 
customers requiring a demo, or service of 
their instruments, have our safes and ser- 
vice facilities available to them worldwide. 



Summary 

Designing a new price/performance stan- 
dard for portable oscilloscopes has proven 
lo be an interesting challenge. A new ap- 
proach to building oscilloscopes has 
shortened production times, improved re* 
liability, reduced instrument weight, and 
produced a quality inslrument of superior 
performance at a competitive price 
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A Multiple-User Software 
Development Unit 



Microcomputer software development is 
becoming, more and more, a team effort. 
And, as with any leam-oriented project, 
there are problems of communication, 
keeping current on the status ot each ele- 
ment in the project, and efficiently inte- 
grating the individual elements into a 
finished product. 

The new Tektronix 8560 Multi-User Soft- 
ware Development Unit is a teamoriented 
design tool. Accommodating up to eight 
workstations simultaneously, the 8560 pro- 
vides a powerful, flexible solution to soft- 
ware development problems. The 8560, 
teamed up with the Tektronix 8540 Integra- 
tion Unit or the 8550 Microcomputer De- 
velopment Lab 1 , lets you accomplish every 




Figure 1, The Tektronix 0560 Multi-User Software Development Unit (lower (eft) accomodates 
up to eight workstations, including multiple 0540 Integration Units and fine printers. 



phase of software development, from In- 
itial design to hardware/software integra- 
tion, effectively and efficiently. (The 0540 
Integration Unit is discussed in an article 
commencing on page 9 of this issue.) 

Hardware overview 

The 3560 uses a multiple- processor ar- 
chitecture (see figure 2>. The LSI 11/23 
mair processor executes the operating 
system, assemblers, compilers, editors, 
and utility programs. A Z80-based disk 
controller handles both flexible and hard 
disk drives. The main processor makes 
high-level requests and the disk controller 
handles the details, such as seek optimiza- 
tion, locating the currenl track and sector, 
reading and writing blocks of data, and 
checking for errors. 

To relieve the main processor of the 
burden of handling all of the I/O traffic, an 
8086-based processor is provided for each 
group of four I/O ports. Over 90 percent of 
terminal I/O is off-loaded from the main 
processor. The I/O ports are configurable 
for RS-232 operation up to 9600 baud and 
RS-422 at 153,6 kilobaud. 

Memory In the standard system con- 
sists of 128 kilobytes of random access 
memory (RAM), 35.6 megabytes of hard 
disk storage, and one megabyte of flexible 
disk storage for transportable memory. 
Options expand RAM to 256 kilobytes, 
with additional hard disk capacity to be 
available at a later date. 

An advanced operating system 

The 3560 uses a powerful multitasking 
operating system called TNIX* *. TNIX is a 
customized version of the popular UNIX** 
Verson 7 operating system, optimized for 
microprocessor software development. 
UNIX Is a well-established system and in- 
cludes all of the tools essential for increas- 
ing programmer productivity — file manage- 
ment, program development, module build 
control, interuser communication, system 
maintenance, and text processing 
The command language chosen for a 
software development system can be a 
major contributing factor to software pro- 
ductivity. A well-designed command 

1 1H A Microprocessor Development Lab with 
an Expandable Future,* 1 Tekscope Volume 
13, Number 1, March 198T 

’ TNIX is a trademark of Tektronix, Inc. 

* 'UNIX is a trademark of Bell Laboratories, 

Inc. 
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Figure 2. Block diagram of the 8560 Multi-User Software Development Unit. The multi- 
processor architecture optimizes performance ol the various functions and permits tasks 
to be carried out in background mode. 



language should: be easy to learn, be flex- 
ible enough to be customized for individual 
needs, support powerful command fries, 
and allow unambiguous task processing 
and information flow. 

Learning time can be minimized through 
the use of a menu-driven command lan- 
guage, However, once the language is 
mastered, the requirement to use menus 
can impede productivity (see figure 3). 

The IN IX menu-driven program (GUIDE) 
overcomes the necessity for users to re- 
spond to menu-driven queries. As a task 
proceeds, GUIDE prints out the com- 
mands being used, which helps to shorten 
learning lima However, one doesn't have 
to use GUIDE for entering commands. 
Once the system Is learned, the user can 
enter commands directly, Command 
menus on the 8560 also can be changed, 
allowing the user to customize the system, 

Command files allow multiple com- 
mands to be executed quickly and without 
typographical errors. Most systems allow 
parameters to be passed to a command 
fife, thereby increasing their flexibility and 
ease of use, The 8560's command lan- 
guage also allows variables to be defined 
by the user, and supports structured pro- 
gramming commands like "if,„then ... 
else 11 , "for" loops, ' while'', "until ", and 
"case" statements. As an example, see 
figure 4. When these concepts are com- 
bined and used in a command file, users 




2-5 wks 



Figure 3. This graph depicts the relative 
productivity achievable with a system that 
employs menu-driven commands, with a 
system that does not, and with one that 
uses a combination of menu and com- 
mand language. The 8560 uses the latter 
approach. 



set v ls I grep ’.out’'' 
do 

Iptr Si 
done 



Figure 4. The above command file checks 
the current directory for all files with the 
extension " our and outputs them to the 
llneprlnter* 



can define or combine commands to per- 
form tasks that would normally require 
large, complex programs to accomplish. 

The 8560 also allows the output of one 
command to be passed as input 1o am 
olher command, without the use of tempo- 
rary "holding" files. This "pipe" construct 
allows Information to be easily passed 
through the system while being processed 
by a series of commands, Large amounts 
of data can be quickly reduced to a man- 
ageable amount and output in a format 
allowing quick analysis by the user. All I/O 
devices are handled as ordinary files, 
thereby eliminating the special program- 
ming usually required to handle external 
devices. 

Multitasking increases productivity 

A multitasking system increases a soft- 
ware designer's productivity by performing 
two or more tasks at the same time. With 
the 8560, time-consuming tasks, such as 
assemblies or compilation, can be execut- 
ed in "background" mode while the user 
Is free to perform simpler tasks, such as 
editing or file manipulation, in normal (fore- 
ground) mode, The 8560 supports two line- 
printer ports, allowing listings to be printed 
In background mode (otherwise known as 
lineprinter spooling) while users proceed to 
perform other tasks. By having two line- 
printer ports, users can access either high- 
speed/medium-quality ( or low-speed/high- 
quality printers on the same system. Short 
printout jobs don't have to await comple- 
tion of a lengthy printout, and printout 
quality does not have to be sacrificed. 
Background tasks also can be prioritized 
to minimize the impact of multitasking on 
other 8560 users. 

File management 

In a multi-user system, with source cod© 
or documentation shared by several users, 
file management is a critical element. The 
8560 uses a hierarchical tile structure that 
permits multilevel directories and con- 
trolled access to files, Directories allow 
a user to quickly locate files of interest 
without having to peruse the entire list of 
files on the disk. 

Access to files is controlled by assign- 
ing each user a unique password. Three 
groups of users may access each file on 
the 8560. These include the owners of ihe 
file, members of the owner's group, and 
all others. Each of these groups may be 
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assigned read, write, and execute 
permission, 

Another important 8560 tile manage- 
ment feature is the ability to link to files in 
other directories, The same information 
can be found under multiple directories, 
without requiring duplicate files. When a 
file Is updated, the same information is 
available to someone accessing the file 
through a different directory. The need to 
recopy modified files Is eliminated. 

The capability to directly execute, copy, 
or link to another's file, with appropriate 
access controi, contributes greatly to pro- 
ductivity in a multi-user environment. 

Automated build control 

In any major software development task, 
program management is critical, The large 
number of interdependent modules gener- 
ated by the design team must be com- 
bined without build errors. Build errors 
usually result from combining wrong mod 
ules or wrong versions of the correct 
modules. 

The 8560 uses an automated approach 
to the build problem, Using a command 
called 'make 1 ', programs can be auto- 
matically generated from only the most up- 
to-date source code. “Make” utilizes a de- 
scription file, which defines ail intermodule 
dependencies, and associated commands 
to generate each module. Upon execution, 
"make" compares the modification date 
of an output module (i.e an output file) 
with the appropriate input module {i,e, 
source code file). If the modification date 
of the input module Is later than that of the 
output module, then the output file is re- 
created. This procedure greatly reduces 
the time needed to produce an executable 
program because it is no longer necessary 
to reassemble or recompile every module. 

Interuser communication 

Effective com unlcation between team 
members is essential for software develop- 
ment to proceed smoothly and with a mini- 
mum of problems. The 8560 takes an in- 
novative approach to interuser communi- 
cation. A command called "mail" allows a 
user to send a message to another user 
and store it in a private mailbox for that 
user. If a user has mail, the system auto- 
matically notifies the user when he or she 
logs into the system. The mail can be 
quickly viewed and then either deleted or 
retained for future reference. A user can 
also us© the mail system to receive notifi- 



cation when a spooled printer output is 
completed. 

Each user can determine who else is 
logged into the system and send a mes- 
sage directly to a user by executing the 
"write" command and referencing the 
user-identification. To avoid interruption of 
a critical task, each user can decide 
whether or not to allow direct communica- 
tion. If necessary, a command requiring 
special authorization is provided to send a 
system message lo all users regardless of 
messages being turned off, 

Users can also use the 8560 f s docu- 
mentation tools with the mail system, to 
generate memos and so forth, 

Optional software expands capability 

TIM IX includes several optional software 
packages that allow a user to add capabili- 
ty as needed. An auxiliary utilities pack- 
age ' containing over 30 programs, en- 
hances operating flexibility. An l, awk" 
command allows the user to search a file 
for a selected pattern and then execute a 
command upon its occurrence. This is a 
powerful tool for reducing data from the 
optional Trigger Trace Analyzer, Another 
command, "be", provides a binary calcu- 
lator that lets the user enter arithmetic 
operations into the system and get results 
back with unlimited precision. This com- 
mand also performs base number conver- 
sions, such as binary to octal, hexadeci- 
mal, etc. Other programs in this package 
provide batch editing, general preproces- 
sing, and useful file manipulation. 

The documentation package is an- 
other extremely useful option This pack* 
age greatly simplifies the many tasks In- 
volved with producing quality documenta- 
tion, For example, when text is entered in- 
to a fife, formatting commands are includ- 
ed to generate the page layout desired. 

The resulting file is then passed to a for- 
matting utility that produces the document. 
To change the page layout, only the lines 
containing format commands need be 
changed, The formatting utility will auto- 
matically generate the revised layout If 
the text is tn be typeset, as for manuals 
production, the 8560 can generate oulpul 
suitable for commercial phototypesetlers. 

Other time-consuming tasks, such as 
table generation and typesefing of mathe- 
matical equations are efficiently handled 
by special commands, There are com- 
mands to look for spelling erors, generate 
a permuted Index, and so forth. In addi- 



tion, special reports, manuals, business 
letters, specifications, and other docu- 
ments can easily be crealed on the 8560. 
Users have complete control over para- 
graph justification, indentation, underlining, 
bold- facing, page headers and trailers, 
footnotes, and character fonts. These "ac- 
tive" documentation tools improve produc- 
tivity substantially, 

The optional native programming 
package contains 23 programs which pro- 
vide high level and assembly language 
support for the 8560. A C compiler can be 
used to develop utilities that will enhance 
8560 operation. Several supporting pro- 
grams simplify and extend the use of C. 

A "program beautified" command will 
clarify program structure by indenting 
nested loops, procedures, and so forth. 

Programs to perform syntax checking 
and program linking are also provided. In 
addition, an assembler is included for de- 
veloping special purpose routines which 
can execute faster. 

BASIC, another high level language, is 
also provided for development of a variety 
of applications. 

The auxiliary utilities, text processing, 
and native programming packages are 
provided to allow the user to tailor the op- 
erating system to a particular need. As 
category C software, they carry a low 
priority for updating; however these pack- 
ages have been under development for 
several years and typically are error-free. 

Summary 

A software development system should 
enhance individual and team efforts in pro- 
ducing a reliable, quality product. It should 
eliminate many of the tedious program- 
ming, documenting, and manual software 
management tasks that design teams 
encounter. 

The 8560 Mu Ilf- User Software Develop- 
ment Unit meets all of these requirements, 
and more. The innovative interuser com- 
munications system facilitates sharing of 
design Information. A hierarchical file sys- 
tem with controlled access allows files to 
be organized and accessed rn a manner 
that maximizes team productivity. Auto- 
matic build control and user-program- 
mable command files save hours of pro- 
cessing time and keyboard entry. And the 
companion 8540 Integration Unit allows 
software and hardware to be Integrated 
in a controlled manner, with effective tools 
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A Powerful New Tool for 
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Hardware and Software 



for rapidly isolating and resolving any 
problem that may exist, 

The IN IX operating system includes 
several commands designed to maximize 
efficiency when using the 8540 Integration 
Unit with the 8560. For example, the oper- 
ating system recognizes those commands 
that are uniquely 8540 and passes them 
directly to the 8540. The system also can 
selectively access up to eight 8540s con- 
nected to a single 8560. The following arti- 
cle discusses the 8540 Integration Unit. 
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Figure 1. The 8540 Integration Unit, pictured with the CT8500 CRT Terminal and prototype 
control probe, provides complete coverage of the hardwareteoftware integration process 
during microcomputer design. 



Integrating newly-written software and 
prototype hardware can easily consume 
as much time as writing the software 
itself. The new Tektronix 8540 Integration 
Unit turns this difficult task into an orderly, 
efficient process. 

The 8540, with an 8560 Multi-User Soft- 
ware Development Unit (or other host 
computer) and a system terminal, forms 
a complete microcomputer development 
system. The system provides a powerful 
set of tools for testing microcomputer pro- 
grams and prototype hardware, with full- 
emulation and PROM programming 
capabilities. 

Software is developed on the 8560 
(which also provides mass storage and file 
management) and then is downloaded to 
the 8540 via the built-in high-speed (153,6 
kilobaud) interface. 

For host computers other than the 
8560, an optional communication interface 
is available The major interface parame- 
ters of this interface are software select- 
able through the 8540 s operating system, 
so the communications package can be 
tailored to Individual host situations, 

Using commonly available RS-232-C 
ports and the optional communications in- 
terface package, the 8540 can be inter- 
faced to most host computers in a matter 
of minutes. All communications parame- 
ters, such as parity, echo, and turnaround 
delay, can be set directly from the 
keyboard. 

Three basic operating modes are avail- 
able, The object code transfer mode per- 
mits transferring object code modules be- 
tween the host and the 8540’s program 



memory, with full error checking and re- 
covery during the process. 

Terminal mode allows the user's termi- 
nal to communicate directly with the host 
computer. The terminal is physically con- 
nected to the 8540; however, a single 
command routes the terminal directly to 
the host, making the 8540 transparent to 
the user, 

Local mode provides direct communica- 
tion belween the terminal and the 8540, 
for controlling the emulation and debug- 
ging process. 

Emulator support 

The 8540 uses interchangeable emulator 
moduies to allow you to configure the 
8540 to your application. The 8540 sup- 
ports both S-bil and 1 6-bit microprocessors 
Including those listed 3n Table 1. 

Table 1 



Chips The 8540 LU, Supports 

16-bit 8- bit 



Z8001 


68D9 


8088 


Z8002 


6B00 


8048 


8086 


6008 


8039 


69000 


6802 


80 39- A 


TMS9900 


Z80A 


8035 


SBP9900 


8080A 


8021 


SBP9989 


80 85 A 


8022 




8049 


8041 A 



Using an emulator processor identical 
to that targeted for the prototype, the 8540 
provides real time emulation. This means 
that the prototype code can be executed 
at the specified operating speed of the 
targel processor, while under control of 
the 8540 1 s debug system. 
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Three inodes of reaMime emulation 

Emulation takes place In three progressive 
modes that allow gradual Introduction of 
hardware and software in mode 0 (system 
mode), the software Is executed on the 
8540's emutator processor, Program input 
and output can be simulated using system 
resources in the console display, key- 
board, or 8560 file system. Thus, you can 
begin debugging your program before the 
prototype hardware is available, or com 
tinue debugging should the hardware be- 
come inoperable. 

In the next phase, Mode 1 r the 8540 
emulator connects directly to the proto- 
type hardware via the prototype control 
probe^ In this mode, the program resides 
in 8540 memory and can be transferred to 
prototype memory In sections as small as 
128 bytes. This technique, called mapping, 
allows the program to be gradually iranS’ 
ferred into the prototype on a step-by-step 
basis. The program can interact with pro- 
totype I/O, development system I/O, or 
both. 

In Mode 2, all of the code resides in the 
prototype memory. This mode is used to 
make a final check with the actual proto- 
type memory devices (such as ROM or 
PROM) in place. The control probe re- 
mains in the microprocessor socket on the 
prototype to provide continual debugging 
control during program execution. 

During all three modes of emulation, 
prototype code execution Is under control 
Of the 8540 r s powerful debug software. 

For easy reference, key breakpoints may 
be entered using mnemonic labels (sym- 
bols) instead of numeric addresses At 
each breakpoint, the status of all of the 
processor's key registers, flags, and status 
bits is displayed. You can also display the 



processor's register status and associated 
code execution on a cycle-by-cycle basis. 
Any register or memory location can be 
modified right Tom the keyboard. 

The 8540 deoug commands are Inte- 
grated into TN1X, the 8560 Software Devel- 
opment Unit’s operating system, so the 
user can control both 8540 and 8560 re- 
sources with a unified, compatible syntax 
This capability also allows the 8540 to use 
8560 resources, such as file I/O and data 
reduction, to enhance the debugging 
operation. 

Trigger trace analyzer 

Many debugging situations require detailed 
analysis of real-time code execution and 
the effect on other key points in the hard- 
ware, The trigger trace analyzer (TTA), a 
modular option to the 8540, provides a 
complete facility to acquire real-time data 
in both 8-bit and 16-bit processor -based 
systems. Up to 255 bus transactions oc- 
curring before, during, or after a specified 
event can be captured. An 8-channel data 
acquisition probe allows you to selecl and 
monitor up to eight points in the prototype 
hardware. For further details on the trigger 
trace analyzer see the article commencing 
on page 12, 

System overview 

The 8540 operating system (GS/40) Is simi- 
lar lo DOS/50 Version 2, the operating sys- 
tem developed for the 8550 Microcomput- 
er Development Lab 1 . A few commands 
are different, but the key difference is that 
commands execute much faster in the 
8540 as they are stored in PROM memory 
rather than on disk. 



1 "A Microprocessor Development Lab with 
an Expandable Future,' 1 Tekscope Volume 
13, Number 1, March 1981. 



A functional block diagram of the 8540 
Is shown In figure 2. A dual-processor ar- 
chitecture (in a master/slave arrangement) 
enables the 8540 to support several differ- 
ent microprocessors, using the same open 
at ng system. In this configuration, the sys- 
tem processor serves as the master, and 
the emulator processor as the slave. The 
system processor and emulator processor 
have completely separate memory space 
sc that system program and user (proto- 
type) programs do not conftict. 

The 8540 contains a 100-line system 
bus structure that provides most of the 
connections to the plug-m modules and 
options housed in the mainframe. The em- 
ulator controller board separates those 
control and signal lines that are dedicated 
to either the system section or the pro- 
gram section. Both the system processor 
and emulator processor share the basic 
bus structure, with the emulator controller 
serving as arbiter under the direction of 
the system processor. 

The system processor resides on the 
system controller board and provides over- 
all control of the 8540. It directs all I/O ac- 
tivity for the system peripherals, performs 
all! system utility functions, and executes 
the debug program— controlling the emu- 
lator processor through separate debug 
hardware 

To allow you lo configure the 8540 for 
your specific application, the emulator pro- 
cessors are designed as plug-in modules 
and assigned option status An emulator 
option includes both hardware and soft- 
ware for the target microprocessor or 
m crocomputer, The emulator processor 
interfaces with the prototype hardware via 
a prototype control probe. Advanced probe 
design makes Ihe emulator processor 



OPTIONAL 



'■‘HOW 

PROGRAMMER 



SYSTEM 

HUM 




EEPAOM 



COMMUNICATION 
INTERFACE 
<Op1, 1) 






« INTERFACE 
^1 CONTROLLER 



SYSTEM 

MEMORY 

(RAM) 



SYSTEM 

PROCESSOR 



-OPTIONAL 



EMULATOR 
I CONTROLLER 



CONTROL 




PROSE 





I t | || 








SYSTEM BUS 


EMULATOR BUS 



Figure 2. Functional block diagram of the 8540. A wide selection of options allow you lo configure the 8540 to your design needs. 
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Figure 3. Emulators and prototype control probes for the 8540 feature state-of-the-art 
design that allows your programs to run at the full operating speed of the target 
microprocessor. 



practically transparent to the prototype 
and allows prototype code to be executed 
at the full operating speed of the target 
processor, without adding wait stales or 
stretching clock pulses (see figure 3), 

Versatile memory manipulation 

Memory in the 8540 consists of two major 
sections— system memory and program 
memory. System memory includes 240K 
bytes of ROM. which contain the operating 
system and software for optional equip- 
ment Also resident on the ROM board are 
4K bytes of EEPROM used for updating 
the operating system and for storing 
unique user-developed command strings. 
The contents of the EEPROM can be 
changed from the system terminal 
keyboard. 

The operating system is loaded from 
system ROM and executed in the 64K-byte 
system RAM. User symbol table informa- 
tion employed in symbolic debugging Is 
also stored In system RAM. 

Program (emulator) memory consists of 
32K bytes of static RAM. optionally ex- 
pandable to 256K bytes. It is used for stor- 
ing prototype code downloaded from the 
8560 or the host computer. 

The system processor has control of 
both system memory and program memo* 
ry. As previously mentioned, in emulation 
mode 1 t program memory can be mapped 
into prototype memory in 128-byle blocks, 



allowing orderly transfer of proven pro- 
gram segments to the prototype. 

When working with devices such as the 
Z8G01/Z80G2. 68000. and 8086, whose ad- 
dressing capabilities exceed the 8540 s 
program memory, the Memory Allocation 
Controller (optional with tne Z8001/2 and 
68000 emulators) can be used to allocate 
program memory in 4K-byle blocks over 
an address space of up to 64M bytes. 

FROM programming 

Once the prototype code is debugged, it 
can be put into firmware using the optional 
PROM programmer available for the 8540. 
The PROM programmer consists of a con- 
troller board, front-panel assembly, and a 
characteristic module to adapt the pro- 
grammer to whatever PROM family you re- 
quire. The 8540 currently supports 2716, 
2732, 8748, 8741 A, and 8755 PROMs, 

System diagnostics 

When attempting to integrate software and 
prototype hardware, it is essential to know 
that your integration tools are working pro- 
perly. The 8540 has two resident diagnos- 
tic test programs for verifying system 
operation. 

The power-up diagnostic tests are run 
automatically during power-up or restart 
conditions. These tests verify the circuitry 
within the 8540 that is required to bool 
and transfer the operating system from 
ROM into the 0540' s system memory. 



Should a fault occur that prevents the 
operating system from booting or prohibits 
RDM-resident diagnostics from running, a 
program called Critical Function Monitor 
(CFM) Is automatically entered. The CFM 
contains several test routines and a limited 
set of user commands that are entered 
from the system terminal This program, in 
conjunction with a series of LEDs located 
on the system controller and system RAM 
boards, will usually isolate the source of 
trouble. 

The ROM-resident diagnostics provide a 
means of verifying system performance, 
and a tool for troubleshooting in the event 
that a failure is detected during the run- 
ning of a test. The menu-driven diagnostics 
are easy to use, and run automatically 
after being initiated by the user. 

Summary 

The 8540 Integration Unit is designed to 
help you accomplish the entire software/ 
hardware integration process in an orderly, 
efficient manner. The 8540 can be easily 
interfaced to most host computers or any 
of the 8000 Series of Tektronix microcom- 
puter development units, such as the 
8560, 8550. and 8001. State-of-the-art 
emulators allow your programs to run at 
full speed, while the advanced trigger 
trace analyzer captures uo to 255 bus 
transactions and select logic operations 
for analysis. The 8540 supports most pop- 
ular 8- and 16-bit microprocessors and 
microcomputers. 
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A New Real-Time Debugging 
Tool for the 8500 Series MDL 



The Trigger Trace Analyzer (TTA) I $ a mod’ 
ular option for the 8540 and 8550 that al- 
lows you to monitor the buses and select- 
ed control signals in prototype hardware, 
while your program executes at normal 
speed. The TTA provides precise control 
of the selection of data to be stored and 
analyzed. Up to 255 bus transactions and 
logic signals from various points on the 
prototype can be captured and stored in 
the TTA’s acquisition memory and dis- 
played for analysis. 

The TTA monitors 64 bits of information 
that you can select in any combination 
(using software commands) to define a 
trigger signal for acquiring data or for 
other purposes. The 64 bits of informa- 
tion monitored include: 

* the address bus (up to 24 bits) 

■ the data bus {8 or 16 bits) 

* the data acquisition probe (8 bits) 

■ the emulator-dependent bus signal 
interface (up io 1 1 bits) 

* the external event qualifier (1 bit} 

* counter output signals (4 bits) 

All of these signals are Input to an event 
comparator, which functions as a word 




Figure 1. The Trigger Trace Analyzer option includes two plug*ln modules, bus intercon- 
necting cables, an 8-channel signal acquisition probe, and an interface panel that Includes 
the four trigger channel outputs. 



recognizer (see figure 2). The output of the 
event comparator is ANDed with the out- 
put of a programmable general-purpose 
counter, to generate a trigger signal. There 
are four such trigger channels in the TTA. 
These triggers can be used independently 
or interactively to construct a powerful 
data acquisition trigger. The outputs of the 
four trigger channels also are available ex- 
ternally (via BN C connectors on the TTA 
interface panel) for triggering external 
equipment. 

Defining an event 

To better comprehend the flexibility the 
TTA offers in defining a trigger point. Jet's 
consider some of the even I control com- 
mands used to specify which input data 
constitutes an event. There is a separate 
command for each of the event compara- 
tor input sources. There Is also one com- 
mand that you can use to specify all in- 
puts— the "eve" command. The "ad" 
command is used to define a specific ad- 
dress or range of addresses as an event. 
The commands 
ad 1 105E 
ad 2 500 530 

specify that event 1 occurs whenever the 
program accesses address 105E, and that 
event 2 occurs whenever the program ac- 
cesses an address within the range 500 to 
530, inclusive. The "ad 1 ' command can In* 
elude a ‘'-n" command modifier that de- 
fines the event as anything other than the 
value specified. For example, 
ad *n 4 1000 10FF 

defines event 4 as any adcress outside the 
range 1000 to 10FF. 

Another event command, "ctr", defines 
an event as a pattern of the outputs of the 
four counters associated with the event 
comparators. The pattern can include Vs, 
0's, or X's (don't cares). For example, the 
command 
Ctrl 10X0 

causes event 1 to occur when counter 1 
is high and counters 2 and 4 are low. 

In addition to triggering on individual 
events, it is possible to trigger on the oc- 
currence of multiple events. By using the 
,L cons" command, events can be linked 
together so that the occurrence of one 
event arms the comparator of the follow- 
ing event Ail of the events within a se- 
quence must occur on consecutive cycles 
of the specified type. The "cons" com- 
mand requires you to select one bus 
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Figure 2. Each trigger channel has Its own 64-Input event comparator and programmable 
general-purpose counter. You can select from several event control commands to specify 
which Input data constitutes an event, The four trigger channels can be linked together to 
provide almost unlimited trigger selections. 



mode in which all of the events are com 
sidered. The bus modes are: eye— all bus 
cycles are allowed; fet — only fetch cycles 
are considered; and emu — only emulator- 
dependent bus cycles are considered. 

The general-purpose counters 

We discussed, previously, the ability to 
specify the output of the four general- 
purpose counters as inputs to the event 
counter, to construct an event. The 
counters also can be used singly or 
together for other purposes. Let's take 
a look at their capability. 

The "cou" command defines the 
counter operation. This command selects 
a value to be counted, a source that is 
counted, a gate signal that will enable or 
disable the counting process, and the kind 
of signal that will be output when the 
counting operation is completed. For 
example, 

ecu 2 v -A s^evl o = delay 
programs counter 2 to be asserted after 
the fourth occurrence of event t. 

The "v" or value parameter may be set 
anywhere between 1 and 65,536, with the 
value assumed to be decimal unless spec- 
ified otherwise. 

The source parameter, "s", options In- 
clude counting of: clock intervals from 
200 ns to 2 ms in decimal steps; occur* 
rences of event signals for channel 1, 2 r 3, 
or 4; occurrences of trigger signals for 
channel 1, 2, 3, or 4; the number of bus 
transactions; the number of emulator 
cycles: the emulator's clock signal; and 
the event qualifier signal. Only one of the 
latter three may be selected at one time. 
However, each of the four counters may 
operate on the selected signal. 



A gate parameter, "g", places a restric- 
tion on the indie a led counter and specifies 
those conditions during which the counter 
may count. Most of the conditions involve 
the output state of the next lower number 
counter, so the "gate ' parameter is only 
valid for counters 2, 3, and 4 
The "restart" parameter allows you to 
have the counter reloaded with Its Initial 
"value'' when Ihe "gate" source is as- 
serted. The options are ON and OFF, 

The last counter parameter to be con- 
sidered is "output". As the name Implies, 
this parameter controls the output of the 
counter. There are five options: when 
"arm" is spec fled, the counter output re- 
mains high; 'disarm "—the output re- 
mains low. When "pulse" is specified, the 
counter output is low, pu ses high when 
counting Is complete, then goes low again. 
In "delay", the output is Initially low, and 
goes high after counting Is complete, 
"timeout" produces the reverse of 
"delay L 

The breakpoint command 

The breakpoint command controls the ef- 
fects of an event's trigger signal. For each 
trigger, this command can set a break- 
point, clear a breakpoint, and enable or 
disable the "continue"' function. 

The breakpoint, If enabled, causes a 
program to halt execution when an event 
and Ms associated trigger signal occur. A 
trace line is displayed on the system ter- 
minal and conlrol is returned to the oper- 
ating system The "cont" function, if en- 
abled, interrupts Ihe program when the 
event and its trigger signal occur, and a 
trace is displayed. However, control is re- 
turned to the program, which continues 
execution at full speed, 



The breakpoint parameters "stop" and 
"cent" can be set as a parameter In most 
of the event and counter commands. 

The acquisition memory 

Now that we have discussed how thor- 
oughly we can define when data will be 
captured, let's look at what data can be 
captured. The acquisition memory is a 
255-by-62-bit buffer, The input data avail- 
able for storage includes that monitored 
by the event comparators with the excep- 
tion of the counter outputs (see figure 3), 

The "acq" command specifies what 
data is to be stored when the trigger sig- 
nal occurs, "acq all" stores all of the 
most recent 255 bus transactions, which 
can include the eight inputs from the 
P6451 data acquisition probe, "acq ev4" 
stores only those transactions defined as 
event 4, A parameter called "for expres- 
sion source" allows you to specify acqui- 
sitions at some point other than the end of 
a program. The expression must evaluate 
to some number between 1 and 65536. 
The source portion of this parameter iden- 
tifies a specific kind of bus transaction, 
with the options available identical to the 
source parameters used with the "cou" 
command. An "aftertrig 4" parameter 
disables the counting of the source until 
trigger 4 occurs. 

A typical acquisition command may ap- 
pear as this; 

acq all for 10 eye aftertrlg4 

which would store all bus transactions un- 
til the occurrence of the tenth cycle after 
the occurrence of trigger 4. 

The display command, "disp", allows 
you to select the portion of acquisition 
memory to be displayed on the system ter* 
minal. You may display all of the bus tran- 
sactions stored, or display only some 
number of transactions you want to see, 

The information displayed when you 
enter the display command includes an 
address, data, an opcode mnemonic, the 
states of the eight data acquisition probe 
signals, and symbols representing the type 
of bus operations that occurred. 

A typical application 

Now let's consider a typical application 
that involves using two channels of the 
TTA. 

Problem: Provide timing for an interrupt 
routine located at 1000H to 1024H. 
Solution: Trigger channel one is used to 
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Figure 3, The acquisition memory Is similar to the buffer memory of a logic analyzer This 
figure shows the contents of the acquisition memory after 265 samples of input data have 
been taken* Only the most recent 255 samples are retained. 



detect the start of the interrupt routine and 
act i vale channel two’s counter. When the 
Interrupt routine is completed, channel 
two's word recognizer is used to stop the 
counter. The following command se- 
quence is entered: 
ad 1 1000 
ad 2 1024 

cou 2 v = 0 s a 2Q0NSEC o = ARM 
g = SEQH‘$ 

Where: ad 1000 enters the hexadecimal 
value 1000 into the address portion of the 
channel one word recognizer, 
ad 1024 enters 1024H into the channel 
two word recognizer 
cou 2 selects the channel two counter 
v = 0 puts the channel two counter's Initial 
value at zero 

s = 200NSEC selects 200 nanoseconds as 
the counting unit 

0 = ARM sets up EVENT 2 to cause the 
breakpoint 

g = SEQH selects channel one's trigger 
output as the source thal will enable the 
counter 

-s Indicates that a. breakpoint will occur 
when the channel two trigger goes active 
This command sequence produces a 
channel one trigger at the start of the in- 
terrupt routine, 1000H, This trigger then 
activates the channel two counter which 
begins counting in 200 nanosecond incre- 
ments, Channel two's word recognizer 



produces a trigger when the interrupt 
routine is completed at 1D24H, This sec- 
ond trigger causes a breakpoint to occur 
that automatically stops the counter. The 
resulting counter value is then read by 
calling up the trigger status display, which 
will show the counter's value at the time 
of the breakpoint* 

Conclusion 

The trigger trace analyzer option for the 
8540 and 8550 is a powerful real-time 
debugging tool. You have almost unlimited 
capability to specify the trigger conditions 
for acquiring data while your program ex- 
ecutes at full speed. Bus transactions, plus 
logic states from eight selected points in 
the prototype hardware, can be captured 
and stored for analysis. The TTA is a valu- 
able adjunct to the 8540 and 8550 in facili- 
tating software and hardware prototype 
integration, ■ 
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New Products 

New LSI Production Test 
System Features Vertical 
Test Station 



New 19 -inch Computer 
Display Terminal 
Features Color 




The S-3220 LSI Production Test System 

The new $-3220 accommodates analog 
devices and dual-family hybrids such as 
CODECs and ADCs P in addition to high- 
speed digital circuits. The S-3220 is of- 
fered as a production-oriented comple* 
ment to the engineering and characteriza- 
tion capabilities available for S-327G Test 
System users. The S-3220 utilizes the 
TEKTEST III control software used in all 
3-3200 systems; thus, programs originally 
developed for engineering use can easily 
be condensed and used in high-volume 
production or incoming inspection 
environments. 

The essentia! test-related features of the 
larger systems are retained in the 5-3220, 
allowing (with no loss of speed or accura- 
cy) functional (pattern) testing as well as 
DC parametric and single-pass AC para- 
metric testing. 

The S-3220 is the first S-3200 Series 
system with a vertical test station. This 
new mechanical configuration enables the 
user to interface a wide variety of auto- 
malic device handlers and wafer probers 
with minimal Interconnect cabling. The ver- 
tical test station is integral with the con- 
trol/stimulus equipment rack, resulting in 
reduced floor space requirements— an im- 
portant consideration in production areas. 



The 5-3220 system software— TEKTEST 
III— is a high-level, English-like language. It 
provides the extensive data togging and 
data reduction capability needed by users 
in all segments of the semiconductor 
industry, ■ 



The 4113 intelligent color terminal is in- 
tended to answer the need of CAD and 
mapping markets for computer design 
tools with high data communications 
speed, high addressability, and a virtually 
limitless choice of colors 
With host communications up to 9600 
baud (19.2K baud with flagging), the 4113 
provides display speed suitable for a broad 
cross-section of CAD and mapping appli- 
cations. User interactivity is enhanced 
through locally-retained picture segments. 

The 4113 has 4096x4096 points of ad- 
dressability viewable in 640 by 480 blocks, 
with local zoom and pan capability, 

In Its basic three-bit-plane configuration, 
the 4113 allows the user to work with 
eight colors simultaneously. An optional 
fourth bit plane enables displaying of up to 
16 colors al once. The user can select 
from as many as 4096 colors, each vari- 
able by lightness, hue, and saturation 
The Tektronix Color Standard is used, 
which makes color selection precise, fast, 
and easy to learn. 

An optional three-port RS-232-C periph- 
eral Interface enables local control of de- 
vices such as the Tektronix 4662 and 4663 
Interactive Digital Plotters, 4641 and 4642 
Printers, and Tektronix hard copy units and 
graphic tablets. ■ 




The 4113 Computer Display Terminal 
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7000-SERIES PLUG-IN OSCILLOSCOPES 



The 7633 Storage Oscilloscope is a 100-MHz direct-view stor- 
age oscilloscope with a stored writing speed capability of 1000 
cm/jus. The instrument features multi-mode storage including 
variable persistence, bistable and conventional nonstore modes. 
In addition, a fast writing 8x10 div (.45cm/div) mode is 
included which provides the instrument’s top writing speed. 

Crt readout provides quick on-screen reference of measurement 
parameters. And a selection of 30 different 7000-Series plug- 
ins permits ‘custom-tailoring’ the instrument to the job from 
the outset, and expansion of its capabilities as the needs arise. 



The 7623A Storage Oscilloscope is electrically the same as 
the 7633 without the fast-writing reduced scan mode of opera- 
tion. All other operating modes are included, with a stored 
writing speed of ISScm/^s in the fast storage mode. The 
7623A offers low-cost multi-mode storage for those applica- 
tions not requiring the faster stored writing speed of the 7633. 



7633 Storage Oscilloscope $3650 

R7633 Storage Oscilloscope $3750 

Option 1 w/o Crt Readout Sub $400 

7623A Storage Oscilloscope $3000 

R7623A Storage Oscilloscope $3100 

Option 1 w/o Crt Readout Sub $400 




PORTABLE OSCILLOSCOPES 



The 466 Storage Portable extends laboratory-standard storage 
oscilloscope measurements from the test bench into the field. 
The 466 features variable persistence and fast transfer modes 
of storage; and in fast, reduced scan operation can achieve 
a stored writing rate of 1360cm/^sec. 

Its bandwidth is DC to at least 100 MHz within — 3dB. Using 
its X10 magnifier, the 466 achieves a 5-nsec/division sweep 
rate. Vertical deflection sensitivity is 6 mV/division. 

With many features and operator conveniences based on the 
well-proven 465 portable oscilloscope, the 466 is designed 
for use with minimal operator training. Its easy-to-use con- 
trols are functionally grouped to facilitate operation. 

Without panel cover or accessories, the 466 weighs just 26 
pounds. 

466 STORAGE PORTABLE OSCILLOSCOPE $3850 

Return the enclosed Inquiry card for further Information on the products, 
or copios of the literature doscrlbed In this supploment. 




U.S. Sales Prices FOB Boaverton, Oregon 









5000-SERIES PLUG-IN OSCILLOSCOPES 




The 5A38 Dual Trace Amplifier is de- 
signed for use in the 5400-Series Os- 
cilloscopes. It provides two input chan- 
nels with 35 MHz bandwidth and 
deflection factors ranging from 10 mV/ 
div to lOV/div. Operating modes In- 
clude channel 1 only, channel 2 only 
(normal or inverted), dual trace (alter- 
nate or chopped), and added. Crt 
readout of the deflection factor is 
included in the 5A38. 



5A38 Dual Trace Amplifier $350 




The 5A45 Single-Trace Amplifier pro- 
vides the 5400-Series Oscilloscope with 
60 MHz bandwidth and deflection fac- 
tors from 1 mV/di v to lOV/div (25 MHz 
bandwidth below 5 mV/div). Crt read- 
out of the deflection factor is included. 



5A45 Single-Trace Amplifier $250 




The 5B40 Time Base operates In the 
5400-Series Oscilloscopes to provide 
sweep rates from 0.1 ^s/div to 5s/div. 
Sweep rate is extended to lOns/div 
by the 10X magnifier. Capabilities in- 
clude internal and external triggering 
to 60 MHz and single sweep operation. 
Circuitry for crt readout of sweep rate 
is included. 



5B40 Time Base 



$275 




The 5403/D41 Variable Persistence Storage Oscilloscope pro- 
vides a low cost means of conveniently displaying hard-to-view 
waveforms. Low rep rate signals are easily viewed as con- 
tinuous traces. With the 5/<s/div writing speed, single-shot 
phenomena and extremely low rep rate signals can be readily 
viewed in normal room light. As part of the versatile 5400 
Series the 5403/D41 includes 60 MHz bandwidth, crt readout 
of deflection factors, three plug-in capability, easy bench-to- 
rackmount convertibility, and a choice of 20 plug-ins. 

5403/D41 Oscilloscope $2275 

R5403/D41 Oscilloscope $2275 



Options 



Option 1 Without crt readout sub $350 

Option 3 Programmable crt readout add $ 60 

Option 4 Protective panel cover (cabinet model only) add $ 15 

Option 5 Reduce writing speed to 1 div/^s sub $300 



PRODUCTS LISTED IN PREVIOUS SUPPLEMENTS 

Supplement No. 1 

7L13 Spectrum Analyzer 

7D12 A/D Converter and Ml, M2, M3 

7A24 Dual Trace Amplifier 

R7912 Transient Digitizer 

DPO/3100 Measurement System 

5403 Oscilloscope System 

214 Storage Oscilloscope 

4623 Hard Copy Unit 

4014/4015 Computer Display Terminal 

Plot-10/Decision Maker 



Supplement No. 2 

31/10 Graphic Calculator System 
D61 Oscilloscope 
D75 Oscilloscope 
408 and 412 Monitors 

Copyright ® 1974, Tektronix, Inc. All rights reserved. Printed In U.S.A. 
Foreign end U.S.A. Products of Tektronix, Inc. are covered by U.S.A. 
and Foreign Patents and/or Patents Pending. Information In this publi- 
cation supersedes all previously published material. Specification and 
price chango privileges reserved. TEKTRONIX, SCOPE-MOBILE, TELE- 
QUIPMENT, and are registered trademarks of Tektronix, Inc., 




COMPUTER INSTRUMENTATION SYSTEMS * ~ 




The 31/53 Computer Instrumentation System. Tektronix intro- 
duces a major innovation in computer instrumentation systems 
with its newly announced 31/53 system. Containing an ex- 
pandable memory processor, a wide range of program step 
capability, an alphanumeric keyboard and printer, digital tape 
cartridges, a complete library of standard mathematical and 
statistical software, interfacing to D/As and to an optional 
high performance digital plotter, the system is being marketed 
for less than $6000. Included in this price are typical multi- 
meters and counters of the TM 500 Series. 

Capable of data acquisition, data transformation, data pro- 
cessing and analysis, the system enables the user to log, store, 
compare, and analyze measurement data as it arrives. Volt- 
ages to 2 kV, current measurement to 2 amps, resistance mea- 
surement to 20 megohms, frequencies from DC to 550 MHz 
and a wide range of temperatures in Fahrenheit and centi- 



grade — all these are available in a single standard 31/53 sys- 
tem. Data can be recorded and viewed on an alphanumeric 
thermal printer, an easy to observe readout and a high per- 
formance plotter. Data transformation and analysis are accom- 
modated by the expandable programming capability of the 
system. 512 program steps is the system standard. Up to 1000 
memory registers are available. 

Markets for which the portable system is designed include 
those largely manually served in the past by stand alone meters 
and counters in rackmounted higher-priced systems. These 
markets include design, evaluation and manufacturing of elec- 
tronic products, including components; computer field servic- 
ing; mechanical design and evaluation; and the firm's long 
established medical, physics, resource exploration, engineer- 
ing and atomic energy fields. 



TELEVISION PRODUCTS 




The 1420-Series Vectorscopes are compact, Vfc-rackwidth in- 
struments designed to display vectors of the chrominance and 
burst components of either an NTSC (1420), PAL (1421) or 
PAL M (1422) composite video signal. This series provides 
a low-cost way to meet basic vectorscope requirements in 



CCU's VTR’s and similar applications. The instrument is par- 
ticularly well suited for side-by-side rack mounting with the 
TEKTRONIX 528 Waveform Monitor. The 1420 weighs a little 
over 15 pounds with an optional carrying case. 

The internal graticule is designed for the vector display of 
color bars and burst. A special graticule feature allows dif- 
ferential gain or phase errors to be determined to reasonable 
accuracy for many applications — within 2 n and 5%. 

Two loop-through inputs accept the signal for display on the 
ert or for externally locking the subcarrier regenerator oscil- 
lator. A front-panel lever switch selects the signal from either 
of the inputs for phase locking the subcarrier regenerator. A 
second front-panel lever switch selects the signal to be dis- 
played on the ert and can attenuate one channel for viewing 
large signals. A front-panel GAIN control varies the size of 
the ert display above and below unity. 

PAL (1421) and PAL M (1422) displays are switchable to an 
"NTSC FORMAT". 



NTSC Vectorscope 1420 $1450 

PAL Vectorscope 1421 $1450 

PAL M Vectorscope 1422 $1500 




SPECTRUM ANALYZERS 



The 5L4N Spectrum Analyzer covers the low-frequency range 
from 0 to 100 kHz and offers both high performance and econ- 
omy. Unique features include pushbutton selection of 50 U, 
600 it or 1 MU input impedance with calibration appropriate to 
the selected impedance. Dynamic range is 80 dB with inter- 
modulation distortion more than 70 dB down from two full- 
screen signals. A built-in tracking generator is standard. This 
low-frequency swept-front-end spectrum analyzer operates with 
any 5000-Series System, using two of the three compartments. 
We recommend the 5L4N Spectrum Analyzer with a Dll Stor- 
age Display Unit and 5103N mainframe as the optimum system 
for all applications. 



5L4N Spectrum Analyzer $1950 

5103N/D11 Storage Scope $1095 

Complete Price $3045 




SEMICONDUCTOR MEMORY TEST SYSTEMS 




U.S. Sales Prices FOB Boaverton, Oregon 



S-3400 Systems. Tektronix signals a major commitment to 
the semiconductor memory test systems market by announcing 
a new series of systems. Four models are initially offered des- 
ignated S-3420 through S-3450. The low cost S-3420 is con- 
figured for general receiving inspection applications. The 
S-3430 and S-3440 are function testers equipped for bipolar 
(ECL, TTL) and MOS memory ICs, respectively. The S-3450 
provides both function and dc parametric test capabilities. 
Each system features interactive keyboard as well as stored 
program operation. Stored programs are loaded with paper 
tape. Because of the modular nature and bus structure of the 
S-3400 systems each offers many options and each is field 
expandable. 

Prices will vary from $40,000 upward dependent upon options 
chosen. Deliveries are expected to begin within 90 days after 
receipt of order. 



NEW LITERATURE 

TM 500 Series Application Note No. 4 describes a method 
of measuring resistances up to 20 u with a resolution of 
one milliohm using the DM 501 Digital Multimeter and the 
PS 501 Power Supply. 

TM 500 Series Application Note No. 4 describes a method 
of measuring resistances up to 20 u with a resolution of 
one milliohm using the DM 501 Digital Multimeter and the 
PS 501 Power Supply. 

Photometry/Radiometry Application Note No. 6 discusses 
the use of the TEKTRONIX J16 Digital Photometer in mak- 
ing luminance and illuminance measurements, and stresses 
the importance of color correction and cosine correction. 
CRT Recording Cameras booklet contains complete Infor- 
mation on TEKTRONIX Cameras, including a camera se- 
lection check list and a discussion of films, lenses, etc. 



P. O. BOX 500 • BEAVERTON , OREGON 97005 • Phone; (Aroo Code 503) 644 0161 • Telex ; 3<5-0485 

Tektronix, Inc • Cob/®; Tektronix • overseas distributors in over 40 countries 

TEKTRONIX FIELD OFFICES in principal cities throughout the world. Consult Telephone Director/ 
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SUPPLEMENT NO. 1 TO 1973 CATALOG 



PORTABLE OSCILLOSCOPES 




465 and 475 Oscilloscopes — The low cost of the 465 with 100 
MHz bandwidth at 5 mV/div and the 475 with 200 MHz at 2 
mV/div represents a price/performance breakthrough for 
portables that assures top value for the future. 

A big 8x10-cm CRT display, new versatile trigger selection, 
trigger view, and automatic volts/dlv readout are just a few 
of the many features designed Into these lightweight portable 
Instruments. 

At less than 23 pounds, the new 465 and 475 are easy to carry 
(25.3 pounds with panel cover and accessories). They use 
less travel space and are about 20% lighter than the TEK- 
TRONIX 453A and 454A, the world’s most widely traveled 
oscilloscopes. 

The 465 and 475 can be operated from either a free-standing 
battery pack or one which attaches directly to the oscilloscope. 
Both are small and lightweight, providing a handy solution 
for making measurements in difficult environments. 



465 Oscilloscope $1725 

Option 4 EMI Modification Add $75 

Option 5 TV Sync Separator Add $100 

475 Oscilloscope $2500 

Option 4 EMI Modification Add $75 



SEMICONDUCTOR CURVE TRACERS 




Return the enclosed Inquiry card for further Information on the products, 
or copies of the literature described In this supplement. 



The 577 Curve Tracer is a solid-state system for measuring 
the parameters of semiconductor devices such as linear ICs, 
tunnel diodes, Zener diodes, signal diodes, rectifier diodes, 
NPN or PNP transistors, field effect transistors, and sllcon con- 
trolled rectifiers. The 577 can be used with either the D1 
Storage or the D2 Nonstorage display module. 

Two test fixtures are presently available for the 577. The 178 
Linear 1C Test Fixture introduces the capability of displaying 
the characteristics of linear ICs; gain, common-mode rejection 
ratio, power supply rejection ratio, input current, supply cur- 
rent, and 1/F noise are among the characteristics that can be 
displayed. The 177 standard test fixture enables fast, reliable 
measurements of the characteristics of two-, three- and four- 
layer semiconductor devices. 



577/DI Storage Curve Tracer $2000 

577/D2 Nonstorage Curve Tracer $1550 

177 Standard Test Fixture $300 

178 Linear 1C Test Fixture $900 
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7000-SERIES PRODUCTS 




□ 

The 7603N Option IIS Ruggedized 50-MHz Oscilloscope System 

meets rigid environmental and electrical specifications required 
by the military. The complete system is qualified under MIL- 
0-24311 (EC) and appears on U.S. Navy QPL-24311. Tektronix, 
Inc. has developed and built Into this system performance which 
is unmatched in versatility and flexibility. The System consists 
of a three-plug-in mainframe, two single-trace amplifiers, a 
dual time base, and a front-panel cover with probes and acces- 
sories. 

This system (mainframe and plug-ins) is compatible with the 
TEKTRONIX 7000-Series product line, providing added measure- 
ment convenience and flexibility. TEKTRONIX 7000-Series 
Plug-Ins Include Amplifiers, Samplers, Spectrum Analyzers, TDR, 
Curve Tracer, Differentials, and other Time Bases. 

7603N Option 11S Oscilloscope System (AN/USM-281C) $3025 




The 7D11 Digital Delay Unit provides very accurate, stable de- 
lays for TEKTRONIX 7000-Series Oscilloscopes with CRT 
READOUT. The unit offers both time delays and the ability 
to delay by a number of events. These delays enhance scope 
waveform viewing, and are available as output signals for 
other applications. 

Delay-by-Time: Following a trigger and after a pre-selected 
time, this unit will give a delayed trigger output. The delay 
time is indicated on the scope CRT READOUT and is dis- 
played along with the measured signal. 

Delay-by-Events: Following a selectable number of events af- 
ter a master sync or index pulse, the unit provides delay out- 
puts. The low-jitter delayed trigger output is especially useful 
in disc, computer, radar, and other timing applications. 

Accuracy: 0.5 ppm ±2 ns. Jitter: less than 2.2 ns. Delay 

time: 100ns to 1 second. Resolution: Ins. 

7D11 Digital Delay Unit $1475 
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The 7D15 Universal Counter/Timer provides more convenient 
counting and timing measurements with greater accuracy and 
confidence at a lower cost per measurement. 

The 7D15 can be used with all 7000-Series Oscilloscopes with 
CRT READOUT. Signals from the scope can be used to arm 
and control the Counter/Timer. The measured signal can be 
seen on the CRT, along with the measurement interval and the 
counter Schmitt trigger signal. Signals can be preconditioned 
through the various 7000-Series plug-ins. 

There are eight modes for this DC-to-225 MHz Counter/Timer: 
Time Interval • Time Interval Averaging • Period • Multi- 
period • Frequency • Frequency Ratio • Totalize • Manual 
Stop Watch. 

Resolution is 10 nanoseconds In single-shot time measure- 
ments, and 100 picoseconds in time Interval averaging. TEK’s 
unique CRT READOUT displays a full eight digits. 

7D15 Universal Counter/Timer $1475 



Copyright ® 1972, Tektronix, Inc. All rights reservod. Informa- 
tion In this publication supersedes all previously published ma- 
terial. Specification and price change privileges reservod. 
TEKTRONIX, SCOPE-MOBILE, TELEQUIPMENT and#} are regis- 
tered trademarks of Tektronix, Inc. U.S.A. and Foreign Products of 
Tektronix, Inc. are covered by U.S.A. and Foreign Patents and/or 
Patents Pending. Printed In U.S.A. 
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The R7903 Oscilloscope Is the widest bandwidth, real-time os- 
cilloscope available In a 5V4-inch rackmount today. General 
purpose measurements up to 500 MHz at lOmV/dlv can bo 
made using the 7A19 Amplifier plug-in. 

A complete line of plug-ins is available for a variety of appli- 
cations. Included are: Amplifier, Time Base, Digital Counter, 
Digital Delay, Digital Multimeter, Spectrum Analysis, Sampling, 
TDR, and Curve Tracer plug-ins. 

CRT READOUT is available on the R7903. Its use reduces 
set-up time and measurement errors; it also increases opera- 
tor accuracy and speed. 

The R7903’s performance can be extended to 1 GHz via direct 
CRT access with the 7A21N Direct Access plug-in. Less than 
4 V/div driving signal is required and the input can be either 
single ended or differential. CRT READOUT and vertical am- 
plifier functions are bypassed and inoperative when direct ac- 
cess is used. 

The R7903 system Includes Instrument options, thus allowing 
you to custom tailor the system to your measurement requir- 
ments. These options give you: • a brighter CRT for increased 
writing speed • EMI modification • phosphor change • 
pulsed graticule for single-shot photography • deletion of 



CRT READOUT. 

R7903 Oscilloscope $2900 

R7903 Options 

Option 1 W/0 CRT READOUT Sub $400 

Option 3 EMI Modification Add $75 

Option 4 Max Brightness CRT Add $350 

Option 8 Phosphor Change (Pll) No Charge 

Option 10 Pulsed Graticule Add $100 



ELECTRO-OPTIC PRODUCTS 




The J16 Option 2 Digital Photometer/ Radiometer js a portable 
photometer/ radiometer which provides measurement readout 
in metric units. A choice of five probes provides accurate 
measurements of illuminance in Lumens/m' J (Lux), irradlance 
in Candelas/m a (nits), and luminance in mllliwatts/nr. Each 
probe uses a silicon photodiode which has excellent long-term 
stability and reliability. Easy-to-read 2Vfe -digit LED readout 
reduces measurement error, particularly In low ambient light 
conditions. 

At least two hours of continuous operation Is provided by the 
internal rechargeable batteries. A shoulder strap Is provided 
for carrying ease and the bottom of the case and probe have 
a standard Va inch — 20 mount for tripod or optical bench use. 

A standard version of the J16 Photometer/ Radiometer Is also 
available which provides readout in conventional units. 

J16 Option 2 Digital Photometer/Radiometer without Probe $600 



J6501 Illuminance Probe, Option 2 $200 

J6502 Irradiance Probe, Option 2 $250 

J6503 Luminance Probe, Option 2 $250 

J6504 Uncorrected Probe $150 

J6505 LED Test Probe, Option 2 $250 



Return the enclosed Inquiry card for further Information on the products, 
or copies of the literature described In this supplement. 
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TELEQUIPMENT PRODUCTS 




The DM64 Oscilloscope, the world's least expensive bistable 
storage oscilloscope, is now available in the TELEQUIPMENT 
product line. The heart of this oscilloscope Is the proven CRT 
from the TEKTRONIX 560-Series Oscilloscope storage line. The 
CRT is a single screen version of the CRT used in the 564 
and provides a full 8 x 10-cm display area. 

The normal stored writing speed is at least 25cm/ms. Writing 
speed can be increased to at least 250 cm/ms by using the 
Enhanced Mode. The storage view time is up to one hour. 

The bandwidth of the DM64 is 10 MHz at a deflection factor 
of 10 mV/cm; using the X10 gain extends the sensitivity to 
1 mV/cm. Sweep rates extend from lOOns/div to 2sec/div. 
A full complement of vertical display modes is included: chan- 
nel 1, channel 2 (normal and inverted), chopped (approx 150 
kHz rate), alternate, and added. X-Y relationships can be 
measured with the same ease as Y-T measurements. 

DM64 Oscilloscope $1095 




The D83 Oscilloscope — A bandwidth of 50 MHz at 5 mV/div 
and the concept of plug-in selectability are the main features 
of this oscilloscope. The plug-ins include a differential ampli- 
fier, a dual-trace amplifier, and a Dual Time Base. The CRT 
in the D83, from the field proven 7000-Series TEKTRONIX line 
of oscilloscopes, has a display area of 8 x 10 div — 1.22 cm/div. 
A 15-kV accelerating potential gives the D83 a clear and bright 
display to view and measure delayed sweeps. Sweep rates 
extend from 2 s/div to lOOns/div (to lOns/div with X10 mag- 
nifier). 

A full complement of vertical display modes is included: chan- 
nel 1, channel 2 (normal and inverted), chopped (approx 350- 
kHz rate), alternate, and added. Signal delay permits view- 
ing the leading edge of the waveform. 



D83 Oscilloscope $800 

V3 Dual-Trace Amplifier $295 

V4 Differential Amplifier $295 

S2A Dual Time Base $400 



NEW LITERATURE AVAILABLE 



Digital Counter Application Note describes use of the 7D14 
Digital Counter and a current probe to make frequency measure- 
ments. Advantages of this method of measurement as well as 
complete instructions are given. 

The TELEQUIPMENT Catalog provides complete information 
on the entire TELEQUIPMENT product line, including a char- 
acteristic curve tracer, and the new storage and plug-in os- 
cilloscopes. 

Machine Control Data Sheets on TEKTRONIX N/C systems are 
available in a packet which explains the position of Tektronix, 
Inc. as a machine control supplier. The 15 data sheets in- 
clude information on turning, milling, positioning, verifying, 
and editing applications. 



Spectrum Analysis and CATV Systems Booklet discusses the 
new FCC requirements for cable television systems and how 
a TEKTRONIX Spectrum Analyzer can be used to make these 
and many other measurements. Also includes a brief tutorial 
on spectrum analyzers and specifications of TEKTRONIX 
Spectrum Analyzers. 

Time Domain Reflectometry Application Note No. 2 covers some 
fundamentals of coaxial cables. This note, written in an easy- 
to-read question and answer style, leads you through some of 
the old mysteries of coaxial cables. The paper covers such 
items as how to figure dB losses in a line and how to deter- 
mine the optimum impedance of a cable. These and other 
questions are answered using very little math. 

U.S. Sales Prices FOB Beaverton, Oregon 
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TEST AND MEASUREMENT 



System for the 



Select the Right 
Highest Return 

Consider the Alternative: Test 
and Measurement Automation 

Are you making manual tests and 
measurements? Are they too slow? Do 
they require too much labor? Are they 
too unreliable because of poor 
repeatability or operator errors? 

Test and measurement automation may 
offer a solution. Finding an automated 
solution to a test and measurement 
problem is a three-step process: 

1 . Is the test or measurement suitable 
for automation? 

2. What kind of system would be 
best— a specific-application system or 
a general-purpose system? 

3. Which particular system is best for 
your needs? 



This article suggests guidelines for 
answering these questions while focusing 
on computer-controlled test and 
measurement instrumentation that uses 
the IEEE Standard 488 communications 
bus. 

The articles on pages 2 and 4 describe 
two systems at opposite ends of the 
spectrum of possible system solutions. 
One is GURU, a low-cost, highly versa- 
tile, general-purpose solution for users 
who want to use their IBM PC or IBM 
PC compatible personal computers to 
run individually selected test and 
measurement instruments. The other 
system is the MP 2902 Audio Measure- 
ments Package, a set of high- 
performance, programmable audio 
instruments run by a controller 



Also In This Issue 



GURU Links IBM PC to 

GPIB Instruments. . .at Low Cost 2 



MP 2902 Performs a Variety of 

Audio Tests. . .without Programming 4 



designed specifically for test and 
measurement systems. 

When Is the Cost of a System 
Justified? 

One way to identify and prioritize test 
and measurement automation oppor- 
tunities, is to ask yourself these 
questions: 

1. Which operations have the 
highest labor costs? Cutting high 
labor costs is a major automation bene- 
fit, but don’t forget to consider the 

Continued on page 6 
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Figure 1. A wide range of IEEE Standard 488 test and measurement systems are available to meet specific and general- 
purpose automation needs. The Tektronix systems shown here, left to right, are: MP 2901 Inspection Test Station 
Measurement Package; MP 2101 Acquisition /Processing Measurement Package; a few of the many configurable 
Tektronix test and measurement instruments; and the MS 3101 Acquisition /Processing Measurement System. 
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GURU Unks IBM PC to GPIB 
Instruments ... at Low Cost 



Low Cost Combines with 
Hardware and Software 
Flexibility 

Tektronix GURU (GPIB Users Resource 
Utility) is a low-cost hardware and soft- 
ware tool that transforms your IBM PC 
into a versatile, low-cost, instrument 
controller. Compatible with Tektronix 
and other manufacturers' GPIB equip- 
ment, GURU opens the door to many 
applications that previously didn't justify 
a systems investment. (Refer to figure 1.) 

On the system-solution spectrum, 

GURU provides basic controller 
functions for the smallest front-end in- 
vestment. 

Versatility Starts with 
the Hardware 

On the hardware side, GURU allows 
you to use an IBM PC (IBM XT, IBM 
AT, or IBM-compatible computer) to 
control IEEE Standard 488 (GPIB) test 
and measurement instruments. The 
GURU hardware components are the 
GURU GPIB Interface Board (which is 
inserted in the PC) and a GPIB cable 
(for connecting the GPIB instruments to 
the IBM PC). You may connect any 
GPIB instrument or GPIB input/output 
device to your IBM PC to develop a 
system shaped to your specific applica- 
tion needs. 

GURU Software Provides a 
Variety of Tools 

A GURU manual that combines detailed 
hardware and software reference 
material with tutorial information takes 
the beginning user from basic GPIB 
concepts to applications programming. 

Users may access all GURU GPIB 
commands from the IBM PC’s 
MICROSOFT BASICA language. Thus, 
users who are programmers can readily 
develop BASIC language application 
programs. (Refer to figure 2.) 

TPG.BAS, the GURU Test Procedure 
Generator, is the right tool if you want 
to develop test and measurement 
programs quickly, without coding. 
TPG.BAS allows users to generate a 
program that runs a specific test or 
measurement sequence without writing 



GURU GPIB 
INTERFACE BOARO 




TEST AND MEASUREMENT 
INSTRUMENTS 
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INPUT/OUTPUT DEVICES 



IBM PC 



Figure 1. GURU hardware, consisting of a GPIB interface board and GPIB cable 
hardware, unites the powerful and versatile IBM PC with the world of GPIB test 
and measurement instruments. 



GURU SYSTEM SOFTWARE 



User-Written Applications 



GURU Test Procedure Generator 



User-Written Subroutines 



GURU-Supplied Subroutines 



BASICA 



GURU GPIB Drivers 



MS DOS 



Figure 2. GURU’S wide range of system software opens the IBM PC controlled 
GPIB test and measurement system to users with various levels of programming 
skills. 
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a single line of code. You need to know 
only the details of the test to be 
performed and the equipment to be 
used. TPG.BAS walks you through the 
test program generation process step 
by step, allowing you to choose items 
from easy-to-use, self-explanatory 
menus. 

The test procedure generation process 
begins when you enter the Main Menu 
and select an appropriate menu item 
(refer to figure 3). After telling GURU 
what equipment is included, you can 
move to the Function Menu (refer to 
figure 4), the primary tool for developing 
a test procedure program. The menu 
includes all the individual steps that 
might be used in any test procedure. 

For example, pressing the W key adds 
a “wait for operator input" step to the 
procedure. GURU automatically asks 
the system operator for the information 
needed at each step. 

TEK DIG. BAS, the GURU Digitizer pro- 
gram, provides menu items that allow 
users who have included digitizers in 
their systems to: 

• Select a digitizer. 

• Change the digitizer settings. 

• Learn settings from a digitizer or 
restore them from a disk file. 

• Acquire a waveform from the digitizer. 

• Store waveform data on a disk or 
display it. 

• Recall waveform data from the disk. 

These additional functions extend the 
flexibility of your GPIB system to include 
a wide range of waveform measure- 
ments. 

BASIC Subroutines Extend 
GURU Power 

For users who want to code their own 
applications programs, GURU supplies 
SUBS. BAS, a set of BASIC language 
subroutines (refer to figure 5). These 
subroutines perform functions common 
to many test and measurement applica- 
tions. The subroutines are designed for 
user-written applications programs, thus 
reducing your software effort. Each 
subroutine is thoroughly explained in 
detailed GURU documentation. 

For more information about GURU, check 
the appropriate box on the reader reply 
card. 



IPG. BAS 


01.0 “ a test procedure generator in BASIC 


MINNENI: 


(1) 


Create a neu procedure 




(2) 


Hodify a procedure 




(3) 


Execute a procedure 




(4) 


Single step a procedure 




(5) 


List available procedures 




(6) 


Renane a procedure 




(7) 


Delete a procedure 




(8) 


Utilities 




(9) 


Quit - return to BASIC 


Selection:? 1_ 







Figure 3. The GURU Test Procedure Generator Main Menu is the starting point 
for developing automatic test procedures for a system that uses GPIB test and 
measurement instrumentation. 



step I 0 

iOut function do you want this step to do 0 

(P) Print a message to the operator 
ft (M) Mait for operator input: (y)es (n)o (Q)uit or (enter) 

(S) Send a connand to a device 
» (N) Numeric acquisition and test 
* (A) ASCII string acquisition and test 

(D) Delay for a given nunber of seconds 

(B) Branch to step I conditional or non-conditional 

(C) Chain to another procedure 

(E) End procedure - return to nain nenu, 

ft These input commands control the branch condition, 
function: 



Figure 4. The GURU Function Menu lists the test procedure steps you can use 
to generate a test program for your specific application. 



Subroutines nenu: 



select a device 
serial poll a device 
send nessage to a device 
get a response fro* a device 
jet a nunber fro* a device 
test a nunber for tolerance 
test a nunber for range 
conpare strings 
check for bus error 
acquire wavefom data (ascii) 

(11) acquire uavefom data (binary) 

(12) store uavefom data on disk 

(13) recall uavefom data fro* disk 

(14) graph uavefom data 

(15) uavefom statistics 
(lb) put bus into idle state 



( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 
( 4 ) 

(7) 

( 8 ) 

( 9 ) 

( 10 ) 



Status: 

Current device : ?D20 
Last poll : 65 
Last nessage : W 
Last response : ID TEK 7D20 
Last nunber : 3.1415 
TEST/ : 0 



Last filenane : b.'test.uf* 
Current uavefom : test.vf* 



enter selection (FUNC/.) : 14. 



Figure 5. Item 14 on this Subroutines Menu graphs waveform data. 
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MP 2902 Performs a Variety of 
Audio Tests. . .without Programming 



MP 2902 Ties Together a 
Package of Benefits 

The Tektronix MP 2902 Audio 
Measurements Package automatically 
performs a wide variety of complex 
audio tests and measurements, without 
requiring you to write a single line of 
code. (Refer to figure 1.) The MP 2902's 
position in the system-solution spectrum 
is high performance for a specific 
application area (audio measurements). 

The MP 2902 offers the benefits of 
automated top-of-the-line audio analysis 
equipment without the high cost of soft- 
ware development. For even the most 
complex tests, the MP 2902 speeds 
testing, provides fast and low-cost 
documentation, allows operation by 
lower skill operators, and ensures 
measurement procedures are consistent 
from day to day. 

Producing automated test procedures 
for GPIB audio test equipment was 
time-consuming and difficult until 
Tektronix introduced Audio Test 
Procedure Generation software. Audio 
TPG is a tool which simplifies converting 
manual tests into software and eliminates 
the need for software coding, in most 
cases. 

The MP 2902 hardware includes a 
distortion analyzer, oscillator, and color 
computer display terminal. The package 
software includes a test procedure 
generator that greatly simplifies the 
creation of test programs. Non- 
programmers need no software training 
to use Audio TPG to generate test 
procedures that may be easily 
converted to BASIC programs. Pro- 
grammers appreciate Audio TPG's 
creation of documented, error-free 
BASIC code. 

MP 2902 Hardware Unites 
Programmability and 
High Performance 

The MP 2902 components are 
designed to work together and are 
selected to make measurements to 
international standards. Under the direc- 
tion of the 4041 System Controller 
(designed specifically to control GPIB 
test and measurement instruments), the 
AA 5001 Programmable Distortion 
Analyzer, the SG 5010 Programmable 




Figure 1. The MP 2902 Audio Measurements Package offers the hardware and 
software needed to create a variety of audio tests, quickly and easily. At low 
cost, it automatically documents test results in graphic or tabular form. 



Main 


Menu 


IP*! | Select tdllor rwnu 


BO 


IP^ I Pnx eAe - • 


□ 


IF 31 #etrieue 0»*pl«9 


□ 


jpdf | Trenelete lo BASK 


□ 


|F5] Configure GPIB Bu» 


□ 


| Configured But Lilt 


n 


1^^ j Select |n»trunen*» for TetU 


□ 


[FBI * uoi'o** 


□ 


Un*hif ted Key 


] Shifted Key 



|Pre»» Function Key 



Figure 2. The Audio Test Procedure Generator Main Menu structure is simple. 
You first see the Main Menu when initializing the MP 2902. This menu is the 
starting point for a sequence of easy-to-use interactive menus. 
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Figure 4. The Audio TPG Tests Menu lists the tests that are stored in the MP 
2902, for retrieval, editing, or execution. 
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Figure 5. This THD versus frequency tests menu is an example of MP 2902 test 
menus. The menu lists the parameters and actions you may choose for a 
specific test. 



Oscillator, and the optional DC 5010 
Universal Counter-Timer set up and 
make frequency response, distortion 
(THD + N and SMPTE, DIN and CCIF 
IMD) versus frequency or level, power 
computed from voltage, and signal-to- 
noise measurements. Adding optional 
equipment makes automatic switching 
possible as well. 

Using MP 2902 test and measurement 
instruments ensures extremely low 
residual noise and distortion, permitting 
measurements on top-grade professional 
and consumer equipment. This package 
provides fully balanced analyzer input, 
balanced or unbalanced oscillator 
output, floating or grounded, 

50/150/600 fi to match all types of 
audio equipment. 

Software or manual control selects the 
synthesized frequency stimulus to four 
or more digits with 0.01 % accuracy, 
offers fully programmable filter and 
detector selection to accommodate a 
wide variety of measurement standards, 
and provides high-level oscillator output 
to test headroom and clipping 
thresholds of line level devices. The 
oscillator offers burst, squarewave, and 
amplifier modes. 

With Audio TPG, you first create a 
sequence of tests by following interac- 
tive screen menus displayed on the 
4105 Computer Display Terminal. The 
test sequence consists of the steps in 
the manual test procedure. (You direct 
Audio TPG through the 4105 
keyboard.) 

The first menu in the sequence is the 
Main Menu, shown in figure 2. After 
creating the test procedure database, 
you can select a translation sequence 
to automatically convert the test pro- 
cedure database to a BASIC program 
or you can execute the test procedure. 
The result of translation is a complete 
BASIC program that has utility routines 
to support data logging and merging of 
tests. You can modify the program to 
meet your unique test requirements. 

To add, delete, or change steps in the 
test procedure, you call the Editor 
Menu (figure 3) and select the 
appropriate user keys on the keyboard. 
The Editor Menu then automatically 
displays the Tests Menu (figure 4), 
which lists the audio tests you can 
select for editing. Picking an item on 
this menu displays the parameters and 
actions available for a specific test. Fig- 
ure 5 shows the test menu for THD- 
versus-frequency tests. 

Continued on next page 
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Continued from page 5 



MP 2902 Simplifies Results 
Documentation 

At your command, Audio TPG stores 
test data on tape or other storage 
medium . This data can be retrieved 
and displayed in tabular or graphic 
form, or printed in tabular form. Figure 
6 shows a display of a frequency- 
dividing network’s frequency response. 

For more information about the MP 2902 
Audio Measurements Package, check the 
appropriate box on the reader reply card. 




Figure 6. In this graph, the MP 2902 plots a frequency dividing network’s 
frequency response, from 1 kHz to 40 kHz. The dashed lines represent the ± 3 
dB points at a 10-kHz reference frequency. The user entered the graph subtitle 
when the test was created 



Continued from page 1 

impact of a faster process: Can 
downstream operations handle the 
higher throughput, and must upstream 
operations increase their output? 

2. Which operations have caused 
quality problems? Quantifying the sav- 
ings due to better quality (lower costs of 
scrap, reject, rework, and field failures) 



is difficult but important to estimate. 

Two advantages of automation that 
improve quality are consistent 
processing and data recording. Consis- 
tency is inherent in automation: Systems 
don't get tired or careless. Automation 
makes massive amounts of performance 
data available for analysis and for use 
in correcting quality problems. An alter- 



native approach is to flowchart and 
analyze your operations. Look for high 
levels of repetitive activity: low levels of 
mechanical activity; high levels of data 
referencing, retrieving, and recording: 
and high concentrations of manual test 
and measurement equipment. Figure 2 
shows a simplified example and 
analysis. 
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Figure 2. In this simplified work-flow diagram and analysis, quality control is the most likely candidate for test-and- 
measurement automation. High levels of repetition and instrument use, plus large amounts of data, qualify this operation 
for automation. A high level of mechanical activity usually disqualifies an operation for automation using computer- 
controlled test-and-measurement equipment. 
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Once you have evaluated your opera- 
tions for automation opportunities, and 
found one or more, decide whether the 
savings justify the expense. 

If, after a thorough economic analysis, a 
system is justified, how should you 
select a system? 

The first issue here is the kind of 
system: Should it be a monolithic or a 
modular system? In a few applications, 
a monolithic system may be the best 
solution if it uniquely answers specific 
needs. Otherwise, a modular system (a 
system of replaceable, programmable 
instruments run by a computer) is the 
way to go because it offers application 
flexibility (you can select special- 
purpose instruments for special 
applications). 



Selecting System 
Components 

Performance and functionality. Define the 
performance you need. For example, you 
may need a 4 Vs -digit digital multimeter having 
0.01 % accuracy and a 5-MHz function 
generator that can provide a counted burst 
of square waves. 

Level of Instrument programmability. 

Programmable instruments may be talkers 
only, listeners only, or talker /listeners. That 
is, they may send information, receive infor- 
mation, or both send and receive information 
over the IEEE Standard 488 communications 
bus that connects all the instruments and the 
computer. Talker/listeners are best because 
they simplify programming, troubleshooting, 
and system maintenance. 

Compare the programmable (GPIB- 
accessible) features to the manual (front- 
panel accessible) features. They aren't 
always the same. You may need both to 
cover all your applications. 

Instrument intelligence. An instrument's 
intelligence (local processing power) allows it 
to do tasks that would slow the system 
computer. For example, some multimeters 
can average measurements and some 
oscilloscopes can perform Fast Fourier 
Transformations and then pass the results to 
the computer. 

Some instruments have the ability to store 
front-panel settings. These settings can be 
recalled by a command from the computer, 
making the system faster and more efficient. 
Also, more instrument intelligence allows you 
to use a less intelligent (and less expensive) 
controller. To reduce system cost, some 
manufacturers offer controllers that can be 
used only to run programs, not to develop 
them. If you build several similar systems, 



What are the Checkpoints for 
Selecting a System? 

By far the best approach to building 
modular systems is selecting 
instruments compatible with the IEEE 
Standard 488 (GPIB). Instruments built 
to this standard of electrical and 
mechanical compatibility can communi- 
cate with each other without special 
programming. The criteria summarized 
in the sidebar below will help you select 
from among the many IEEE Standard 
488 instruments on the market today. 



Product Evaluation is a Prime 
Candidate for Automation 

When you're looking for automation 
opportunities, don't overlook the new- 
product-introduction flow. Product evaluation 
groups perform well defined tests (such as 
reliability and electromagnetic interference) 
on many products. Automation here can 
provide high payback with no risk of inter- 
fering in the manufacturing process. An 
additional benefit is that tests written for pro- 
duct evaluation often can be directly transfer- 
red to production use. 



you can use one controller to develop 
programs and the other (less expensive) con- 
trollers to run them. 

Command language. The instrument's 
command language (not the controller's) 
should have powerful multifunction commands 
as well as commands for individual functions. 
For example, a single initialization command 
(called I NIT in Tektronix instruments) should 
set all of an instrument's functions to an 
initial state. Initializing all functions 
individually might require you to program 
several hundred characters. 

SET? is another Tektronix example. With just 
this one query, you can ask an instrument to 
report all its current settings, letting you 
decide which you would like to change. 

HELP aids new users. This command tells an 
instrument to list all the commands that the 
instrument recognizes. Because the com- 
mands are mnemonic, the list helps new 
users find the right command. 

Speed. At first, the system speed issue 
seems simple: How fast can the system set 
up the equipment, make measurements, 
process the data, and record it? Looking 
more closely reveals that system speed is 
made up of many individual speeds: CPU 
(central processing unit), controller bus- 
transfer, instrument bus- transfer, local instru- 
ment processing, and instrument measure- 
ment speeds. 

Evaluate each application to decide which 
speeds to optimize. For example, if you need 
to make 1,000 voltage measurements and 
average them, buying a high-speed digital 
multimeter with lots of local processing 
power is investing in speed where it matters 
most. (Because the digital multimeter sends 
only one number— the calculated result— to 
the controller, bus-transfer speed isn't 



important here.) When controller speed is 
important, ask the controller manufacturer to 
run a time trial on your application. 

Personal computers or system con- 
trollers? Because of their lower price 
compared to system controllers, personal 
computers are popular for some IEEE 
Standard 488 system applications. Tektronix 
has designed the GURU hardware and soft- 
ware package for these users. 

The initial hardware cost of PCs is low. 
However, the longterm cost may be much 
higher. Developing software for PC-controlled 
systems is considerably more difficult. A PC 
requires detailed instructions to control 
messages on the IEEE Standard 488 bus. A 
controller performs this function automatically. 
For sophisticated programmers who have 
simple applications, the PC route may be 
better. For anyone who has complex applica- 
tions, the system controller route is better. 

Software availability. Almost all instrument 
controllers can be programmed in BASIC, an 
easy-to-learn language that works well for 
most applications. Language enhancements 
are usually available on firmware modules 
(plug-in ROMs). Using these enhancements 
is much easier than developing your own 
BASIC software, and the extra cost is small. 

Documentation (manuals and other aids) and 
technical support (applications engineers) 
should also be available. 

Memory size. How much memory will you 
need? Typical applications require 64 to 128 
Kbytes of RAM. Simple applications, using 
one instrument, might require only 16 
Kbytes. Very complex applications might 
require 512 Kbytes or more. With most 
controllers, you can add RAM as you need 
it, at low cost. 
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The TM 500 Family 

TM 500 is a family of manual Tektronix 
test and measurement instruments. They 
are mechanically and electrically compati- 
ble with each other. They are designed for 
compactness and modular mounting in 
eight mainframes. TM 500 instruments 
can function individually or in combination. 
The TM 500 family includes digital 
counters, digital multimeters, power sup- 
plies. pulse generators, function 
generators, oscilloscopes, oscilloscope 
calibration instruments, and audio/low- 
frequency plug-ins. 



Publisher's Statement 

TM NoUt informs TM 500/TM 5000 users and owners 
about new Tektronix instruments and about instrument 
applications 

Copyright ©1985 Tektronix. Inc All rights reserved 
Printed In U S A Tektronix products are covered by U S. 
and foreign patents Issued and pending information In 
this publication supersedes that in all previously pub- 
lished material Specification and price cnange priv- 
ileges reservod TEKTRONIX TEK. SCOPE-MOBILE 
TELEOUIPMENT and are registered trademarks. 

For further Information, contact Tektronix. Inc.. 

PO Box 500, Beaverton. OR 97077 Phone (503) 

644 0161 TWX 910-467-8708 Cable TEKTRONIX Sub- 
sidiaries and distributors worldwide. 



The TM 5000 Family 

TM 5000 is a family of programmable, 
IEEE Standard 488 (General Purpose Inter 
face Bus or GPIB) compatible test and 
measurement instruments. The TM 5000 
family includes: digital counter/timers, 
power supplies, signal generators, func- 
tion generators, a digital multimeter, an 
audio distortion analyzer, an RF scanner, 
and a multifunction interface system. 
Commands that control TM 5000 instru- 
ments conform to the Tektronix Standard 
Codes and Formats, ensuring quick-to- 
learn, easy-to-remember, and compatible 
programming. 



For further information: 

To order in the continental U.S., Alaska. 
Hawaii. Virgin Islands, and Puerto Rico, call 
your local Tektronix field office or the 
National Marketing Center, toll free 
1-800-426*2200. ext. 506. 

Austria: (222) 686602. 

Belgium: (2) 720 80 20. 

Denmark: (2) 845622. 

Finland: (90) 722400. 

France: (6) 907 78 27. 



Germany: (221) 77220. 

Germany, Berlin: (30) 3139081 

Africa, Middle East: 

Tek Ltd., Guernsey, 

Channel Islands: 

(481) 35781. TELEX 4191193 TEKGNY G. 
Mail: Tektronix Ltd., POB 36, Guernsey, Cl 

Italy, Milan: (2) 8466446. 

Rome: (6) 8278041. 

Turlno:(1 1) 3351 143 

Japan, Tokyo: 448-4611. 

Netherlands: (2968) 1456 
Norway: (2) 64 57 70. 

Spain, Barcelona: (3) 33020 08 
Madrid: (1) 4041011. 

Sweden: (8) 83 00 80. 

Switzerland: (42) 219192. 

United Kingdom: (5827) 63141. 
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